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Aerospace Events of 1977 



1 he Unued States in 1977 conducted the successful approach and ianding/ tests /of the Spare Shuttle 
Orbiter neared completion of the Shuttle facilities at the Kennedy. Sp^Cente/ made operational use 
qt data from the network of envir.onmerual satellites, and continued work'toNnVprove military avnuion 



United Slate* 



l\)/>SA 

905 



JOn^Octobcc t2, 1977*. Enterprise, the/ Space Shuttled Orbiter No. 1 (above) 
,separated from its 747 carrier aircraft and be^an its 5-minutc glide t6 iL 
# first landing oh a concrete runway/ This Va§ the last of live approach>ntl 
landing flights conducted in 1977/at, NASA's Drydcn Flight Researc hunter 
at Edwards, California. The* jive/ flights confirmed tlic'Orbitcrs ability to 
descend through the. atmosphc/c and make an airplarie-likc landing In 
preparation for ttic orbital flight tests scheduled, for 1979. the Shuttll fa- 
cilities at Kennedy Space, Center -in Florida neared completion. These Octo- 
ber photos show (below, left) Launch Complex 39 being reworked from 
-its Apollo; launch configura/ion jts Shuttle configuration, and (below, 
light) 'the Orbiter landing/facility (at lop) and tow road leading to the 
pair of rectangular buildings where Orbitejs will be refurbished after flight. 
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In 1977, the^ Department- of Defense con- 
ducted -flight tests of the Navy's Tomahawk 
cruise missile (right) and deployed increas- 
ing numbers of the new F-16 fighter aircraft 
(below) to the fleet's aircraft carriers. ■ 
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Introduction, 

programs in aeronautic »J space, 
s jn 1977 toward :."Hr long- 
xronnutics the- goal ^re im- 
cnei^y efficiency, a - safety 
:i ■space the goals wer better 
s\ -terns to generate moi sophis- 
101: bout the Earth's envii \iment; 
en.aiiie space transportation!, and 
the origins ,and processes ojt . the 
v s\ steal, and the Universe / 

1 esea rch made real gain> toward 
anologies that would* enabl future 
iit to reduce fuel* consumi ion by^ 
it along with Jower noise rtnd emis- 



State> attempted 26 launches into 
24 o: thein put 29 satellii.es into, 
ibited 15 satellites, irji 14 launches* 2 
i. and tfiird placed a satellite into 
'1 of s\ ichronous oi bit. DoD orbited 
n 10 launches, with another 2 



sr tec : i - 
• >it. AS 

injuries t:: 

tipt: • 

' snfr . - 
;u:ie*J for 

liy 4 *rer .s ^SA launches; costs of launching the 
inainder were reimbursed by governmental; in- 
rnationai..aiui commercial customers. The NA/SA 
hunches included a^ high-energy astronomv satel-' 
te, two p.ane ary satellites heading toward Jupiter, 
rid a muiati n-counting satellite focused on the 
iiagnctc*phcr. < 

This chapter will summarize highlights of the 
ear, arranged topically rather than . by agency, 
ubsequent chapters will /be devoted to the aero- 
autics ancl space Activities of the six Federal agen- 
les the largest programs^ n those areas/4 as 

ietermir d b,y their budgets. * 
<- 

* ■ - u. 

Communications 

Communications satellites were the first space > 
-stems t:. demonstrate commercial feasibility- and 
are stilf^fetargest and fastest growing segment *of , 
s^ace developineht. 1 t 



Opt—Mr al Sp< * -t rns 

' . ■ ft 1 -~ ?ational Telecomrriunications 

Sat< it v> f - :i. :; ftfritelsat) increased^- .its 
'meir:"he luj. mynes in 1977, britjging^the ' 

tot. L.j ''i Capability vas aho. aug- 

mcniec : ui- on lj^y 2f>, 19"T7, of another 

Inteisa cel. nto synchronous orbit to 

ser i v :c < regior 

'A.'-ir:...-; Satellite J(MARISAJ) .con- 

sort ini c . d e leifcial service j the Indian 
\ Oce.m ii " idd: s r o its servifie ii the Atlantic 
. and n ;u i -co »niercia] shipjbifiir and in all 

three oi s foivf U.S. Navy./rh dumber jof 
U.S. shi equipp J with MA^IfcAT terminals 
tripled ^. tlia*<* die workTflecfr tdoublecL Con- 
stant -rir-ct wij&i ;ie home/ office •make? ship de- 
plovme nueh nice cost-effective and speeds de* 
* liyerv goods' 

A J . y Coin r \nu itions \ifcllit . The three 
majr >perating eq::irements Tor military com- 
mun uidn ^by -ate ite are (1) ligiircapacity 
won ide po\nt-t( -ooint communication, (2) mod- 
\ ice to mobile users, and (3) 



cratc-t-apa'city sf ^ 

"c? , y ._ . , . NA :H tOU 2: comraarfd and .^ntroi dftmmunication for strategic 

forces * 

Fo he 'first o: these needs, in 1977 the Defense 
Coi nications Satellite Program (DSCS^/had 
foui crational spacecraft: two DSCS.^sajjellites 
lauii A in May 1J77 and 'deployed'over the At- 
IantJ nd w^st Pacific, a DSCS experimental satel 
lite i che^iirDecember 1973 and rfowover^he 
Indi; )cean, and NATO IIIB on loan for tem- 
porar se over the eastern Pacific. Fqur more 
DSO satellites were scheduled for launch in 
1 978 develqpitient continued of the improved 
DSCS l' mode7\ 

The rn'sxierate-capVcity requiremerit will be met 
by tht r et Satellite Communications. Service 
" (FLTS T> OM) - t for contacting mobile units of 
• the Nav id Air^Force. Thp first satellite is schec^- 
uled for inch early in 19Z8. - 

.The s: aegic command .and control system is 
now pro- led by transponders on several satellites, 
^endino ^velopmQjrit o£ a -strategic satellite system. 
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vmmumcations 
"v/" unttnial Satqlli 



•UitesX, At the 
communications 
i operation, iijfthe 
' This year the'' Fet 
.'vion authorized Sat 
o . nd flight-test sate. 
■ v'»Hz hands to pro 
ideations for 'pr 
-trial and govern 
and image trafh 
siothcr- 5 premises. 
<-^as:ing and the^P 
irized to 5 cons= 
no :i a domestic s; 
"el- on*stations i- 



Writs 

Hv experimental com- 



ic .iions satellites ^>n n use in « 



A r.S 6 (Applications I 
i» 4?n :s third year" in orb: 
1 vj^riruents in pitblic-serv 
^^Wkt vind tech'ribldjjv . In 
-?e. -t is being used I 
framing to the * 7 'rr 
-The othc satellite. 
Technology rSatei^ 
it ure exploring, hi u%i 
to small-receivers 
By theVnd of 19: 
on CTS 1 were < 
-- .;. social services, fin 
nnunicatiofts Studi 
electromagnetic sp^ 



C, 

>nrnued research on mi 
• s \.ell as expansion of, 



Qlogy -Satellite f>) 
|f 1 a . pi'ograni of %\ 
\y oadaastjng and in 
• on t<Tns U.S (ov 
>mit experip »:..»! 
itories, PaVi::c Is- 
ITS 1 (Con.muni- 
,i joint jCanadiam 
•vC£ space xommuni- 
c ground in remote 
of' 18 U.S. expen- 
ding in educational, 
urination- exchange. 
• ith demands on the 
mi increasing, NASA 
'-"for more efficient use. 
< ommunications spec- 
trim. A number of U.S ag-ncies participated in 
the important '1977 Wor d, Administrative Radio 
Conference on Broadcast "satellites (where flexi- 
ble interim .plan was adopted for use of the 12- 
C^Rz'band fbr satellites in'the Western Hemisphere 
as opposed to rigid allotments elsewhere) . *Prcpara- 
tidn^wcr'e also under way for the 1979 World Ad- 
Miiniso^tive Radio Conference whose revisions of 
radip regulations are intended to apply for the next 
JO >y ears. * 

The United Nations Committee on the Peaceful 
Usqs of -Outer' Space, and i*s scientific and legal 
subcommittees, met in 1977 /to continue discussions 
o£ the* principles in vetoed (in direct broadcast of 
television bv satellite. ^ 

Earth's Resources. 

Sensors on space after* airyajt .^platform's con- 
tinued in 1°~77 to inventory and fmonitor condi- 

2 ' ' • , 



tions in the- ~arth' 
its land si^rla e. Th 
in analvsK and pro" 

Intentorying and Mo* 

^ /Ijffuisai^ E.\ j)erimct. 
sa\ prAgrarh* ( ontiiiue 
lifes l.aiuSat 1 and li. 

Lundsa: I, after fn 
%\ s- verai system/ fail 
plet:on. with launch 
^ica:ion ot Landsat D 
Alter several years 
bei' of Landsat prnu 
.no. In the Dcpartm* ; 

• a Landsat-hascd 
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sit data supporte 
raphy; 

* the Salt- Verde rivi- 
aged by a cooperat 
NO A A. and^GOES 

..surveys to map snow cqver and nion: or six 
reservoirs; ^ 

• classification and monitoring of n.init 
ities in such diverse areas as Mor. an; 
ing, New iVfexico. Florida, and Sou Ji C. 

,• study of Landsat ami aerial imagery fo 
'features that mav relate to fault and 1 n 
systems, which wouldXhelp evaluate mine 
safety and locate and monitor leakage' in sur- 
face and underground mines. 

Internationally the Department of Interior as- 
sisted the United Nations, five-Central American 
countries, and Chile and Bolivia in using Landsat 
data to inform themselves on resources and geolog- 
ical problems. _ 

The Department of Agriculture completed the 
third year of its LACIE program, in conjunction 
with NOAA and NASA. Designed to /est satellite , 
.potential for prediction of world wheat crops, fhe 
program demonstrated enough promise to encour- 
age the Department to acquire its own computers 
for further -experimentation^ LACIE is scheduled 
foV completicm and final evaluation in 19?8. 

NASA released three applications projects to the 
users for operational employment: the Coast Guard 

would use satellite-derived data to monitor ice 

9 
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formation in tli^Grea: Lakes; ihe Corps of Kn- 
gineeFs-wbiikKise Landsat /lata to- prcdfct^ water 
run-off in flood-prone areas; nnd* Georgia fd£cHia.l 
to use the satellite-based inventorying «sjfctcin. for' 
the state'SyHTTfural resources, a system alre4fi^teijr u\e 
in Missi^uppi. ■ 

^fonitcning the. Sea Stated Several, agencies /con- 
ducted experiments that used satejlite data to 
meas\^re the dynamic state of Earth's oceans* jyASA 
used data from Geos 3 in 1977 to refine models of 
the Earth's gravity 'field, which in turn , yields a 
more precise gcoid. This-is helpful m tracking cir 
culation features such 3s- the GuifnStrcam and ti 
measure the height of waves. . \ ' 

T?he ©epartment of the Interior compiled satel- 
lite infrared measurements *of monthly sea-surface 
temperatures fri~the past several years. Thev were 1 
considered useful in long-range' weather forecasting 
and studies of climate dynamics. In ihe process of 
•compiling the dsTta, Interior discovered that a Lar^c 
cold-water anomaly had developed in the North 
Pacific in the fall of anc^ reached its ucak in 

February 1977. In hue >ummer 1977 another suck 
anomaly seemed to bc/icvclopjifg. 

Department of Defense finished installing 
the Satellite" Data Processing (Serjter at the Navy's 
Fleet Numerical 'Weather Center in Monterey,' 
California, It will receive and process data from 
Do D- weather satellites and afso from NASA/Sea- 
sat-Ar scheduled for launch in May |J)78. Tire proc- 
essed data will be used n \vea t her tfnd ocean analy- 
ses and forecasts. 

Several other projects were operating in. f9^7 to 
set baselines for inteip' litfion of^Seasat-A data 
NASA joinccTVith coffin e f r Seasaf data 

in a two-yeAr de uomuation piogi mii, embracing/ 
areas such as offsjiore^oi} and gas e\plor^i6n,l s fis^/ 
eries, and r shipping safoty. NOAA planned some, 
-65 experiments related to Seasat— experiments in<* 
volving winds and \yavcs, currents and circulation, 
cfynamics* surface temperatures, geodesy, and \sca " 

Mappingpdhc Ocean Bottom. NASA has used on 
scanning laser beam on ah aircraft to experiment 
with mappjrig the topography of the ocean bottom* 
jtons. The experiment indicated that/ 
the' method can ppdduce higk'quality bathymetry* 
maps quickly 'and economically. The DefcnsQjMap- 
ping Agency and NOAA re specifying tli£ require- 
ments for an operational vstem for use in aircraft/ 
monitoring Pollution, n *1977, sensors on air- 
craft platforms demonstrated their ability to track 
and monitor a>n impressive .array of pollution prob- _ 
lgms.^'The emphasis in the, cooperative progranfr 
between 4 *ne Environmental Protection Agency— 
(EPA) and s NASA has continued to be 4m energw 
related research and development. 



Jsiiig airborne and nc-fpascd measurements, 
tF.V experiment in : Midwest sftocd<5d 'for * 

ft;*- -time in .racking sulfur dioxide from a 
^Ic wcr/plant jlume ob^utving the conversion 
tin nnosphcre iitq s .niificant amounts of acid 
ilfaft erosol, anc n* the chemicals as* far 

yy ^:l6ineters ftowmviud. Of. great consequence^ 
As strategy, oVcontrol of air 'pollution, trie 
\vcre obtained hv close Orchestration of air- 
neasuremcnts. % Since coal-^ 
i :r :»d to multiply rapidly 



<4, and ground-bVsc -a 
f : - K,wcr^lants are e>. 
* l:ie U<5. over th 

will be rf^-inr .a* 
■ ng :::e distan^so.i: 
'iriona -L pollution. , 
accessing anr' 



>t 20 years, this tech- 
importance in deter- 
tribution to local and 

....... v..,.,..^ nd of cncrgy-rete«4jK)l-. 

yi«rvion v rolilcm, EPA and NASA Explored the use 
c n ..irbornc miiki-* . ectral scanner "to monitor 
~u: Jfa.-aCterizc the environmental impacts of the , 
„.v > ;teu major increase in western strip mining in 
h ie> few years. By adapting tlic scarjHef:to this 
-n^„ in place of usu;i. aerial photography, and 
>eeufng its data into an automated laj/d : fc uscKlata 
' — : c ition system, : single mission can cover , a 
m^tk of mines anc he tlata can be rapidly ijn- 
Wi.-u 'ec^ stored, anc relayed -to E^^» anc ^ statc 
rcgi: tory offices. • , " ; 

: -<;atePpolhitfon. --SA responded t(f*(i request 
\ OA A for satclntc and aircraft data on the 
.ill from the Arf Merchant off Nanttykct Is) 
n December \[ ~ \ Asidd from their^imme- 
operational ais he data are being studifcd 
")-\A to i' icmatical models 'pre- ' 

! spi' 1 _ ■ " 
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Eiitr i mental / ^jj^ is and PTptecttpn * ? * 

*. ■ h *":itiaii' tojlic erorts in colTcctioii andtata- 
login^ oi data about the Earth and fts atmosphere^- 
then veie. substantial activities devoted to both 
opera onal and experimental programs to analyze 
and predict ^hc processes of natural and man-made 
change in the environment. 

/ if rather Satellite Operations. During 1977 -the 
National Oceanic and/Atmospheric Administration 
(NOA\) of the Dcpaftrhent >ok Commerce op-^ 
crajed two polar-orbiting weather [satellites, Noaa * 
-4 <\nd :t t to report -daily weather data around the 
Earth. Of the geostationary satellites that focus 
corhtantly on the weather patterns of North Amer- 
ica and its sea approaches, tiie Goes 2 (Geostatiori- • 
ary Operational Environmental Satellite) was 
launched in June 1077 'to replace Goes 1 as the 
-Eastern* operational satellrte, while SMS 2 (Syn-. 
chronous ^ieteorplogical Satellite^ remained die 
western operational satellite. ^ / 



Tin#\ 
• next gyy 
jvas ni< 
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-SA s experimental version of the 
•i of, polar-oi biting weather satellites. 
■ ng on' schedule toward its launch 
H; .Noaa-A, the 'krs\' operational 
w series, is scheduled for launch 
ros-\ will provide .higher resohi- 
infrarcd imagery of tile Earth s 
i measure moisture and tempera- 
-.:'.ir proton... -iiich^4pctroii flux hear 



■ The r- : .mcteorologfcaj s? 
'fense .V v:t?oi,,.ogical Satellite Progi 
'tb supp..-,? military operations., wkl 
for the entire Earth provided Jour tin 
from tv o Dolar-orbittiiK satclli 
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new ge .ration of ^military weather sateifitcs-tjie 
Block ■.. p.waIlelvto\Tir( l s-N but.wfch different 
sensors- ecunc operational in 1 S)77 and offeree! 
.noon an..: midnight imagery 'in 'visual and infrared 
waycleniriis of cloud., cover at a quality previously- 
unattainable. The second satellite in this serieiwas 
also, la ii -idled in 1977 and. declared operational in 

July- - V y> V 

H>l Research. In '1977, Feeler^ agencies, 



V - , 

contm research to improve our -'ability to 
^nalyze uid forecast weather conditions, 
j 'In the global arena. tiic.UA, -amtoiff other na- 
tlions, perrorinc^. preliminary studies and experi- 
nwjits tljat would contribute to the effectiveness of 
the 4iiJt(.»MiMf. Global Atmospheric RcNearrh IVg 
P (( Involving" some 115 n;\ii y nC this 

,4t uonal prograju in> mcteoroloev will 

takt ni 1978-1979. "» ' ' - 

To improve our ability tq detect, track, and 
- monitor severe stofjns, NASA and ftOAA are 
W °^"K on a^ advanced instrument for use \u 
^GOES satellites to he launched in the 1980s. This 
U^n^ment will be' able to report the ^-diincn- 
sianaj structure of atmospheric * cenipcrafirfe and 
water ^vapor distribution. nSucIi information could 
make possible earlier ancl more accurate .sto/hi* 
warnings to the public. " ' \ 

4: 



earnings to the publ 
NO'AA fickl-tcstccl techniques r#fng 'imager* 
from iufrared and visible satellite uWtjyincnfs to 
estimate^hpurly rainfall from cpnvcMfrc clouds. 
^ Tests- in three states ui this country ancTin Vene- 
' zdela* showed a good correlation between imagery 
^ \irid ground areas of no precipitation ancf reason- 
able estimates of rainfall in areas of heavy prc- 
- cipitation^Thc technique will help in pinpouYtipg 
areas in dafrger of flash flooding. Satellite data also 
were used in XOAA research on envelopment and 
modification of convective' cloud systems. Rainfall 
^-""-estimates derived from satellite imagery were ap- 
plied to autolysis of broad-area cumulus modifica- 
tion experiments. Similarly satellite data, as well 
as aircraft arid radar data, froru-Huri icanc Anita 



V (September 1977) aTc being analyzed to learn* 
whether hurricajuc cloud systems'* .show charac- 
teristic cloud developments* that indicate storm 
strength and potential. > 

escarch. Widespread C oncern arose 
earlier in the 1970s that -some combination of na- 
-tural* and man-made gases ajid 'particles was° 
r threatening to thin the o/xJpe layer to a dangerous 
lexer. This concern led to a multi-agency -effort to 
gather* enough data to understand the CQinplcx in. 
teraotious going on in the stratosphere and to as- 
certain the dangei 'level and possible remedies. 
NASA in M)77 continued its measurements oi 
'epiamities and distribution of ozone and other im- 
* portant stratospheric gases and of changes over 
Hiue. A new project studied the vertical move 
incut of aerosojs and gases between the lower at- 
mosphere (troposphere) and the upper atmosphere^ 
(stratosphere), In the summer of 1977 N^SA^Us- 
patched an experiment team to Panama to employ 
U-L' and Lear Jet aircraft, as well as balloons and 
sounding rockets, to measure the* upwin d " move- 
ment from tropospho.e to strjiiospheie in the tropi- 
cal. zonc>alir 1978 it is planned to measure -the re- 
*jjerse moveuient downward from stratospl^cre to 
troposphere that\s thouglu to occur in ihciuid- 
lirtitudesV ~ ' . . 

JThe mcasuTcinent program ■. the stratosphere 
'todr ! new insights into the role of chJcTrinc 
oxide compounds in the destruction of o/one. It 
Was. shown in m 1977^that their Vole' is lai-^ej>-than 
previously tl lougfhl. The important gasesliave been 
: ^'clentificd and'mcasurcd a^id evidence has been ad- 
duced, thai the wprld's tottf atmosjmere mixes " 
r morc? rapidly than had bce/i prcdictal. 
. _ NOAA ;fl.<o mounted a coirrprcliensivc investiga- 
tion into the distribution of nitrogen diox^tfe^in 
the stratosphere/ using ground-based and airbo^e 
' Ycttroscopes.' FluorpcarboiVs I^Jir a nd F-12^and. - 
>iitr6us^ oxide were nreasurcd {vith balloon-grab % 
techniques. .Laboratory test measurements consid- 
erably lowered 'the. predictions of o/onc destruction 
-~ by emissions frohi supersonic aircraft , ;wicl corrc- 
rfpondmgly raised , predictions of dcstruVlion bv 
dilorofluoitjcarbons. " 9 ' , 

Two forms qf^efTvironincjital cli'grycjatjpu stcm- 
iTiiiigtfiom ajrerafuarc exhaust (pnissibus and cn- t 
ginc 119i.se. .NASA cohfinued ~tfs several-year - re-* . 
search c/fort in f^oth areas in' 1977. 4 Kxperimcnts 
-with fie clean combustor, designed to lessen emis- 
sions! from l.Tigc turbine . cneincs during . takeoff 
and lanihng, were c«oinplctc>l. Einissions were 
Avithin the standards set bif the Environmental . 
Protection Agency TcicJ^TD, well below the'icvel 
of currc^it combustors. Research was begun on 
reducing enrissioiy during str?tos^heri(\crukse^ This 
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research centers oiV^ihfffoving cOmbustcTi s ami* on 
fuel ^ireparatiori^^ ^ 
v ' Aircraft noise research investigated, amop^g"6thei 
, components, fuel Miozzles ^ind ^icoustic^aspcc^s of 
the inlet ducts. One nozzle configuration was the 
inverted-v^ocit)Hirofile nozzle, which, causes - the 
1 high veloxity^ofc tiie jet to occur in the outer^fVgioii 
insteao^of at the center as in bypass^exTrairet sys- 
t^msyin combination with multi-elfhiifcnt mechan- 
ical" suppressors, thi* arrangement seems likely 
seduce noise from the Ifigh-vdlocity jet.' * 
"-^For the engine inl^t ducts, a new technique fi'as 
dcrelopSd that simj^Ffies and makes more accurate 
thdmescription of Che Jtfjund radiation pattern from 
d«ct\andj€nab4ds quiCRy%fFective, design of acoustj 
' finers. ' \ m . *' V * * . ^ 

Earth Dynamic^. Experiment^ related to Earth, 
Jy mimics invjplye mineral ana ^en^rgy reserves', 
^earthquake forecasts, and geodetic purveys.* f 0 
Trial models, of natural resources fn interesting 
formations were being developed from gravity -data * 
derived from sattllite-to-satellite tracking, magnetic 
afield data from the Orbiting Geophysical Observa- 
tory, and other geophysicaf data. 
- In stud ies of the recently.— -discovered tectonic * 
' plates, NASA" h a£ every other year for the last" five 
years enip laced mobi,le laser ranging stations on 
" both sides of the ,San Andreas JiauhY By ranging on 
^ satellites, the lasers havo tried to delineate relative* ' 
motion between the Norths American -Plate and the 
Pacific Plate. NFor. the - first time, analysis indicated 
that, movemenrTTiay have been detected. Another 
effort/in 1978 will try to verify these finding. 

lother form of laser ranging uses the Moo ii a/ 
fget. Three widely dispersed Earth ^tatiohs are ' 
'returning data now and another four stations t are 
being built. The full network* will observe, polar 
motions a,nd variations* in the Earth's rotation i*ite, 
with much greater accuracy than any previous sVs- 

Th^ Department of Commerce operated a ser ies » 
of cross checks-on diljFerent Systems for determining 
♦ position on the Eartljuwith the greatest accuracy. 
.Computer simulfttiomdtA laser observations of the 
iageos satellite positioned geodetic stations -within / v 
5^centirneters. A single" photoejectroa I2ser has 
bee-n studied .that, won Id reduce costs; a*nd improve (. 



* , ' s " — Space Science 

-..Space science is" normally con side reel to \gm at 
an ajjitndc where Earth science leaves off— namely, 
at the interface bervveen 'the Eartl^s ^magnetic field 
and •tlie'Sun's exlyilatiQns, the solar wind. From 

' this departure ppm^ space Science* irfovcs outward 
through the solar system to the detectable portion 

, of the Universe. 

1 T* fleets*"* in die Earths jnagnctospherg, the solar 
wind, and activities on the Slin^irc the components 
of this (complex field* of studies. r; 
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the Magnetosphere. A new teclF. 
nique for measurement* 'of -Jtlie Infractions of the 
v solaj- wind and the [Earth's magneeosphere becajne 
possible with the laun^ in ^October 1977 or two 
1 Intermitiojial Sun-Earth Explorers. The program 
^ also marked, a new dimension in . ini^rnatidnal. co- 
operation^pne satellite was, managed by the U.S., 
the other by tjie European Space Agency,, with ex- 
periments '6f in-termingledorigin on both satellites, 
Their data, <W1 1 Enable expmnittitLTsy&$^ti»ngutsli 
spatial plasma strutt.ufes^from the tomplpx tem- 
poral effects of the sol^r Wind, impacting on . tlie 
Earth's magnetit^TTeld. A r third ISEE- satellite will 
be* launched in 1978 into a n^bx tended trajectory, 
where/if can^ measure the solar. jvind before'it ar- 
rives p{ tile magufcto^jfere, as well Ms solar events. 
Later" the" three sateUtteff vri 11 joined by the,<Solar* 
Maximum ^fission" fqr^J-^drilivrcral studies of the 
Ear/th-Sun interactions. ■ 1 m * \ ^ ; 
y I>OAA lias used GOES satellite nl^asurepients 
. of : solar x-raysV" takert at the 'rotnnce s^f geosyn-^ 
<*hronous orb^t, to' detect sofar^flares* before their 
^- x-ray' and extreme-uiu"Jviolet^rad^ioii reach ». the, 
ionosphere. Owe use ^f these data, will coVbjjit 1 
'them with -high ^time-resolution measnrenients oP^ 
t tlie ionospheric effects. *" \»- ] 

/Other NOAA" research demonstrated that cner-^ 
geftc ions-4n the/ inttei^plaaieta/y medium outside 
the Earth's magrfefospliere "^originated from within 
t4ic ipagnetosphere;. Thils the Ear^lj^ioins the Sup 
and Jjipitei* as' n source, within our solar system; of * 
f the energetic particles asd 16w-enirgy cosmic fays* 



accufacy gf locating ranging stations. The prospects /teuricMlf the mterj^lanetary ^m^t^iii 



a . 1. 5-centimeter 



accur; 



are that 

achieve*!. . ' N ^ ; m , . , 
The Smithsonian Institution summarized theTre- 
*sults of satellite tracking 'with its ^aser -tracking 
.network >n the fourth and final^ version of. the. 
Smithsonian Standard Earth, jjrmathepsra^ica'l repre- 
sentation of the Earth's .shape, si/c, -and gravity 



could be. Of The Solar' Wind. T^QAA stjidiea^everal {models 
^ ^ J of the chemical composition of the 'solar wind. 

Some 'o'f th6 recent work addressed 'the historical,, 
puzzle t)f-the large- quiet period in Earth reactions 
to the solar wind from<l«645— 1 7 1 !5w This ahnprma-lly v - 
Jong quiet perfod; when therf was visible evidence 
*'^oi absence of soiar •activity ■< was attribiUed to<a . 
steady-state soTar # wind. • 



fi < N ^sOrbitiug SoIa/£bse>- V The Ph m -ti. The discovery V rings-around the 

^ Y at<lr y : » . («so 8) preserved its/coiftinujty. of- oh- ^Ulanct^ Uranus *as : the' most 'dramatic discovery of 
■.. servation of tlu> Sun 'by monitoring the new activ- % 1977. Top faint, to 1>e seen by die largest telescope, 
ay rpeginning with the tipping of, tl c solar cycle. the rings were fquiul byaheinamsing a gai^in fhc' 
, Aspects prcvio«sly under Wtiy arc Jhc downflow , observation of an occuWidV^f a moderafcly 
tiiculation patterns- in the solax atmosphere. tl4at . bright star an^ nhqiV' existence was wffied bv ob- 
were : clcrectcd lw Sfcylab; tiny magncHic regionsMiat scrvations* of ( several groiufd-bascd telescopesUul- 
, brighten like solar fcircs shp^y after they appear: ? .the^)0-ccWti meter' fclcscOPC-lwbiimcd • iii NASA's 
i and X-rav briL'llL noin»fs. u-hirh h:iv#> w .1„„i;n„,v.„/, * ^ii,.-^.:.:.. ' • .. . ■ * 



were 
brighten 

and x-ray fright poirfts^wh'ich have a, puzzling ijjtte e 

S appearance at solar' minimum-.tWe tjW rate 
served when discovered by Skylabjn the middle 
'the sola* c^clc. . • 

Thc'fihding^ of- trie x-rav observations taken: by 
' Skylab^showcd thac^holcs iji the Sim s corona are 
sources -orthc high-speed streams of ejected mattcr 
that strike the Earth's magneto'sphere.<One- Si the* • 
m major discoveries in sttffly of. the Sun' in recent 
* years, this knowledge lias been used l#, -National- 
-Science Foundation observatories to clctcct cclrohal 
holes/ froni Earth, in normal daily observations. The 
' i^ 1 4 r<? rcIiab,c P r S ( l ic tors of magnetic storms \>n* 
EirtTyCoroilan' research^ has'shown that the town* 
of ^the^un's corona is irregular. Impart these ir- 
^ regularities accounffo*- thc.rrmc differences nTW'- 
* tides arriving art Earth. £ . 

As p*rt of tlie Dob program. Air For^e scientists ' , 
are-studying the theory of processes 'leading to sohlr J 
flares jnd the time history jbf ; high-energy particfes 
frpm s,olar flares. .P;i*icularly they areVstudying 
, variations irft ultra viol qf'emjSsiVns from thc.Sun as 
rlported D y A'tmos|DTi*ic»Txplorcrs t, D, .TndV. 
*ancj sounding^ rockets. * - * 



^ jqjeciiklly ; equipped £-144. aircraft knowiii. as the 
. lyiipcr' Airborne Observatory.. «• ' _ • v}. 

Oj\ Mar??, ilie Viking arbiters and landers jcpft-, 
''tinucd to re; urn data on- the atmosphere, .meteorol- • 
. ogy, surface chemistry, awd. the moon Phobos. The 
.biology aiuHJr^finic -chemistry insfriimeiuson the* 
landers completed their useful life in 1977. The* %% 
major question ipmsijns whether there is- evidence* % 
-of life on Mars. Intensive investigation, cbntinuecl. 
' Two Voyager satellites were launched in August . 

aikKScprcrjiber 6n 9 a trajectory .to Jupiter -and then/ 
* to Satyrn/ Depending m\ rcsuhs, k Vpyager 2 "may 
fly on to uhe planet Uronifs.. \ , , * " ' 
'^D^veldpmtmt t work on 'the Oalilco mission. *fc:*' 
. begiwijn \<m. : h wilj cfrnsist^ a prol* -that' jWH- ' r 
•dc'sccnfl into\fupiter"s. atmdsplfere-T?nd an .orbitel * - 
trfat, will $tu& tlic^fJlanci. its ."elKironincnt:. arfd 
satellites for more'flTa^a Wear.' • t ; i 
'sj*e National Science toimcratig/ used the .S3(l^^ : 
( ine f ter-1fiameter radio-rad/\ telescope ^ a t * AreciTip. ^ * 
Puqrto-Ricd. to pr^IiuWcgiuojbiv maps of tljf Jm-^fir ^ ' 



Study t of the Moon am I planets : ' 

*Thc Moon -and HeLeoritcs. Stiicfy 'W'^t^orites 
continued^tQ^ffer .clues to the early history of Hie 
solar system: tiny platinum-bearing particles hi- 
,m)eteoriies.may he inWstelJar Materials thatvoxisted 



Ma^6 of Venus: The higW^ialit^cfati pe^i(n it id 
*icc>miulatioiv'and ajiaj<'.sis*.' iM^vidin^.'in format ioii 
.critical to .the understan'dmg #f7he c^enticar>5lrirc- 
• tural,.and topogriyDljK: i«iun?s of .die. Verfusian 
surface. „ ■ ■ *** " 4 

v x J*- ■ J * *; ; ' W- ** * t . 

Studies of the Universe - . • 

, NASA launched "a major astronomy satellite, iri 
August 1077. lite High Energy Astronomy Satellite. 
1 (HEAO~l). Thc-largest automated ^satellite evei 



* before the .sojar systen, did; composition, of mag . J £^d HE XO Vr T ' ^ t f ° m :' ,tC , d ' s: ? te - 1,itc 
.nes,um in metepntes/ indicates -that radioactive ^ 2" ^ ^ S'^ the fij st of - the tHrec schccW - 

• a tried to v «e launched at intervals; of n'yeai* Instrji- 



• . _ J - - " L 1 

. ahiminnm-26 was present when jhc meteorifes were 
formed; so m radioacti^ty m,W have provided the 
w beat f or thc W^spreacL-oarlyVmclting, that -tool^ 
pla^c o ; n the Moon add planets. . 

Studies', of the Mo^nJf5fovideci jicw moclcls for 
. the major processes afle^ting thc 'terrestrial planets. 
For instance, it now appears that 4 to^ 4.5-fn'Hion* 
( yeans ago the Moon had aVstrong magnetic field:" 
when the Moon ..'cooled, tlfc^ field" gradually 'd^ 
p appeared. This rclationsl^I^fe^ heat ancFmag- 
netisnj may. offer bet^T nrfaerstiindirig .of such 
planetarv differences^ tEalth with -a strong mng- 
netic field, Mercury ^yith a weak magnetic fie«r 
*and-Mar.s with much ancient, vp]6anjsm- I>tit 110 
magnetic field. * ' 4 "A 



. IliciitCKl foAi«dy of x-rays, gamma ray.si -and cosily^ 
niys, these satellites are expected *q retunufuntla- 
mental data on the nature of some of the new dis- 
coycj«es in the Universe, such as pulsars, quasars!* 
.incl possibly blade holes. During 'the first m^fith 
HEaQ 1 -was opcratipnal, ntre^ancr transient % x-ray 
nova was observed; -within .}days it bccajiie *onc ol 
tlic .brightest x'-ray -sqiffces/ln the sky.. ' 

Work coijtiiiued on tlic -develo|)ment^ of the 
■Stface Telescope, ^lannect as a t .semiperrcaiient- 



/ 



anding .of such . space hiboraWy; the Space Telescope is c a .high 
Ktrr^rr resolution, instrument that, beginning in 1983, will 

be able to observe' objects much farther away from 
* Earth than can any ground-based telescope. • The 
) FCrropcan\ Space Agency ♦wiirprovide one of"tr>c 



> 



r 



c-. 



ERIC 



instruments as wclhVs scientists to 'ojjcrate f the ex- 
periments., ■ -* ' 

Tfic SniitlisOnlaji IjistSution continued its., long" 
term analysis pf.jlata -fronj.th? Uhuru satellite, j ? ul ?- 

fishing *J*hc *Fpinth W'huru'^UUalpg .listing . ;5!#i 
sources of x-rav emissions— ncarlv twice* the number 

Jprtbvionsly kjno\>sji. In addition Pc? sources' wi.th*rf 
the SlUky Way ass6ciatccU*vith ncutixm stars and 

' bln'ck, holes.,, nrctny est raga lactic; objects wcjejftfren- 

' lifted, such as StfjTfert galaxje^/quasars, and clustcis/ 
of, galaxies. Items in the'lasj; category "each cOtr-' 
taincd, scAul' 1,001) g:daxNos in a relativcly^wiu.^vV 
grouping. These* "supCi'cIustcrs pi gahjxics" iircf- 
apparcTilfy bqund together* ^■a.viurtioiiajjjjjyv'; 
*mountSr€&very hot, tchuqps. hydrogen-lreliujri gas 

""^f suck clusters arc cominoti^throughout space, the; 

* mass pf the previously « undetected *gas might pro- 
vide a significant percentage* of the '"missing mass "' 
theoretically necded^t© close the '.Universe. 



v. Transportation * 

& . * »■ . ' v . 

; Somp of the, science and much of the technology, 
in aeronautics and space arc devoted to devising 
new transportation systems- or improving the effi- 
ciency and versatility of existing transportation 
•systems.. v 

Space Transportation System 

- . T!ie Space Transportation .System, a major ad- 
vance- that marks a new 'way of doing husinciss in 
space and a new plateau of - maturity in the. U.S..' 
program of space exploration, moved' steadily 
nearer to completion during 1977." The ma in com- 
ponents of the flight system— the, orbiter, the 
solid-fuel booster motors,* the external fuel tank, 
and .Spacelab— were in various phases of testing. 
The Incrtial Upper Stage— formerly the Interim 
Upper Stage— being developed by the Department 
of Defense to boost heavy payloads into orbj^s be- 
yond the performance curve of the orbiter, was : 
ncariji^ the end of its intensive design phase. The* 
Spinning UppcV Stages, now in design,' are Ifcing 
developed in tiwo" sizes as a private venture and 
arc intended to loft lightweight payloads from the 
01 biter 4.0 higher orbits. ' 

•The most visible progress on the Space Trans- 
portation System 111 * 1977 was the scries of approach 
and landing tests conducted at NASA's Dryden 
Flight Research Center in California. A 747 com- 
mercial airlinei was modified to serve as the carrier 
aircraft for piggyback captive flights of the* orbiter. 
then for releasing the orbiter in mid-air to make 
free flights and landings, TKc Enterprise, the first 
orbiter, is~ 4 to be modified and flown, on the 747 to 



/. " v - ^ . • " K 
Ma/shall Sp.fce Flight CcnteiJ, in Huntsville/Ala- 

barpa, to be used in vibration, testing. The second 
'arbiter 3 '^iH be" the first one to . venture into orbit. 

•It was Ix^qg'asscinMccl and will be- checked out in 
„mid j H*7iS before being ferried on the 747 to Kcn- 
,ncdv Space Ceineiv-^LoWda; to be readied for'* the 

oi^iitaT flijjlit tests. .\ . 
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TcsTl visible was the, progress on the ground fac'iU 
i tics- befiig readied at- Kennedy Space Center and 
bejng planned^ at Vandcnbcrg Air Force Base. 
Caliiounia/oji'on jlie flight com pohen is- still under 
yju^ructiom yi'Aw big solid-lulled boosters - were 
tcst-ffrcd l^or the first lime in July 1977 and the 
.befoster recovery parachutes functioned wt?ll in 
drop icst^-The F.xte^iial "Tank; whuff will. com 
Miiu the /uel and oxydi/cr for ■the orbiter s j (nee 
fin. engines, is "Ql cme expendable portion 'al 
Si he Space Shuttle. Manufactured ju ;l, way that 
empnasi/cs slandardi/cd\ low-cos* techniques, 
.first lank was shipped .to ihtes^Calional Space 
nology. Laboratory, .\[ississippi, in September 1977 
for testing. , 

Spacelab, the orbital laboratory thi<t can be fitted 
into the cargo compartment of the orbiter and pro- 
vide- support for manned or automated experi- 
ments, is being funded and built by the European 
Space Agency. In 1977 Spacelab moved past the 
halfway point in the design of components and 
systems; all designs are to be "ready for the critical 
design review scheduled far February 1978. Manji- 
""facture of many components for the flight unit is 
under way; the completed .uiiit is to be delivered 
to NASA in two segments, one late in 1079 and 
the other, early in 1980. Spacelab is scheduled to 
orbit for the first time in December 1980. 

TI\e operational structure for t'he Space Trans- 
portation System is well advanced. In addition to 
the basic NASA and DoD missions, NASA Jkis been 
negotiating launch agreements with organizations 
such as Comsat, Western Union, and Tc I esnt/ Can- 
ada. Also, in May .1977 the U.S. and' U.S.S.R. 
signed a second five-year bilateral agreement con- 
tinuing their s^>ace cooperation. In November 
NASA representatives met in Moscow witlf Soviet 
counterparts ta discuss experiments that lnighj^bc 
included in a long-duration space mission involving 
the American Shuttle and the Russian -Salyut space 
station. Three meetings in UY/8 would further eval- 
uate experiments and recommend a program to the 
respective governments. Shuttle flights for 1980- 
1981 are now fully booked; cargo manifests have 
been developed for the first few years of Shuttle 
operations. A handbook for users has been pub- 
lished; user charges have been set for all classes 6f 
users for the first years .of operations, subject to 
adjustment onlv lor inflation. Advance deposits on 



over 1150 payload items were received )>y NASA 
> /. frorp^industry, educational institutions/ and per- 
, sons. "" ' j . 

When NASA 'invited applications for flight- crew 
positions on STS, more than 20,000 persons re. 
. questflfi application forms and more- than 8000. 
were rlceived and processed.* 

^xpeniablr Launch Vehicles 

Tphc Utiited States space program had a total oF 
26 launches in 1977; 24 of them were successful in 
orbiting 29 satellites. - The two complete failures 
involved one Delta and one Atlas-Centaur vehicle; 
one ©f the* lost payloads was for the European 
Space Agency and one-Intels;* IV-A-for the Com- 
saf'Corporation. A second Delta vehicle had an 
. upper-stage failure, putting the European Space 
a . Agenty payload into an orbit from which it is only 
V % *7Q- percent effective. Other vehicles 'used were 
* • Scout^ATtlaft, Thoi, and 'Titan III - ' 

^^Researfh for Spacecraft Improvement 

A broad range, of research projects sought ways 
to .strengthen,, lighten, improve electronics, and 
augment power sources on spacecraft. 

.Materials and Structures. Thermal protection for 
re-entering spacecraft was improved by a new, re- 
usable insulation material with improved strength, 
wear, and impact properties. AJso a new thermal 
coating, called "second surface mirror/' prevents 
secondary thermal buildup from glare while saving 
weight! t ; • . - ■ 

Structural weight may well be reduced by use of 
graphite-polyclvnidc structures, hi 1977 four such 
materials were identified as having potential for ' 
structural use at temperatures of 3I5°C for as Jong, 
as 500 re-entry cycles; werght reduction was esti- 
mated at 28 percent. " 

Electronics. A* linear charge-coupled sensoxiirrav 
that can image in the near-infrared has been de- 
signed for remote sensing of Earth's and other 
planets' environments, Since it processes signals on 
...the same chip, as the imager, it saves significant 
amounts of size, weight, and power. 

; NA.SA demonstrated in 1977 a robot that com- 
bines and coordinates vision, locomotion, and 
manipulation. A unique visual memory and im- 
proved computer techniques enable the robot to 
process 7V images more than 10 times faster than 
p rev iouJ\$ys terns. 

Space ■ Propulsion. In liquid-fuel propulsion, 
components for a small, reusable, High-perform- 
ance engine burning hydrogen and oxygen and 
intended for use on qfbital transfer vehicles 
achieved a record specific impujsc of 478 seconds. 



Solid propellanis withstood the stringent .steri- 
lization standards for. Viking and hence could be* 
used to Launch' payloads from the surface of other 
plaij^ts^irliout risk of contaminating the planetary 
surface. 

Aeronautical Transportdtion 

As in space transportation, aeronautical trans- 
portation involves military and civil systems that, 
are already operational or are? in active develop- . 
ment. 

Operational Aircraft and Airborne Systems. 
Among government agencies. DoD has the major ; 
concerp for operational, aircraft. 

Fiuhter Aircraft. The F-16 multimission fighter - 
was approved tor full production in 1977; the first 
of 1388 aircraft will be delivered in August 1978. 
In May 1977 the European partners in the F-16- 
■Hefginni, Norway, the Netherlands, .and Denmark 
-signed agreements to purchase 348 aircraft. The 
IM6 represents the largest co-production program ? 
ever attempted, with over. $2 billion in contracts 
in Europe. 1 he first customer outside the consor- 
* tium was Iran, which signed an agreement to buy* 
160 aircraft. — { 

The F-I5 air superiority fighter continued to be - 
produced at the rate of nine aircraft* per .month .- 
and more than 250 had been delivered to opera- 
tional units by the end of the year. 

/I he ^F : J 8 carrier-based strike fighter, approved 
for full development in 1975, is scheduled to make 
its first flight in October 1978. It will complement 
1 the more sophisticated F-MA, which is now rou- * 
tinely making extended deployments on carriers 
in t^he Atlantic ahdi Pacific Fleers; 
. * Fhe A-10 close-an -support 'aircraft was in pro- 
duction, with sonle 75 of the approved 339 de- 
livered; The first operational squadron was ac- ' 
. tivatcd in June 1977 and initial operational 
capability "was- achieved, three'- months ahead of 
schedule, in October. - . ' . *. ' 

The AV*8B is the follow-on version of the sue- - 
•cessful AV-8A: the Marine Corps* light attack 
vertical/short-takcofF-ancManding (V/STOL) air- 
craft. In 1977 it completed the first .phase of wind- 
tunnel testing at NASA's Aines Research Center. 
The data confirm 'the design intention that this 
version should d6uble the range or pay road of the 
AV-8A. Two prototype aircraft are under produc- 
. tion contract. . 

Bombkr Aircraft. Although- production of the 
Ii-I bomber was halted, the three research, develop- 
ment, test, and evaluation aircraft continued their 
flight-test program at Edwards AFB, California. 
The flights • measured overall v performance and 
structural air loads and evaluated the avionics. 
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Transport Aircraft, The -Advanced Medium 
STOL Transport (AMST) had four prototypes 
completing a Phase T flight-test program in 1977. 
In 1397 hours of flight, they\demonsiratecV STOL 
performance and operational utility. ; v 

Helicopters. Several configurations of helicop- 
ters wdre continued in development "toward a num- 
ber of specialized functions.* The ArmyV UH-60A 
Black Ha\yk is intended to support greund s forces, 
both in combat and service roles. The- first of? 15 . 
aircraft is scheduled for delivery in August? ,1978; / 
there are -contract options for a nether 3.53 over4tJhe 
^rfextNthree years. _ , 4 * 

The Advanced Attack Helicopter completed fifllj^ 
- ^engineering development in 1977, with .emphasi^ 
on integration' of the armament and fire c6ntrol. 
Fabrication of additional prototypes was deferred "> 
until 19^8. . . * 

In the Cobra /T^ow program, delivery of 290 re- 
> trofitted Cobra helicopters with the highly effective 
Tube*Launched Qptically Tracked ^Wire Guided 
(Tow), missile* was completed in October 1977.. 
The first of 297 new, upgraded Cobra/Tows was 

• delivered in March 1977. The Army plans to retro- 
fit another 400 Cobras and to modernize the entire 
.fleet with, among other improvements, contepsite 
helicopter blAdes tha'f*Will increase aircraft -sur- 

, 'vivability and double the life of the blades. 
\ The Air Force completed initial flight testing in 
. 1977 of the H-3 -combat rescue helicopter equipped * 
with Pave Low III. This sophisticated sensing sys- 
tem enables low-level penetration of unfriendly 
territory and recovery of air crews in total darkness 
and bad weather. - 

Cruise Missiles. The Tomahawk is a long-range 
high-subsonic-speed cruise" missile that can be fired 
through submarine torpedo tubes or from ships, 
aircraft, or mobile land- platforms. It is under de- ■ 
y velopment in two versions: a conventionally armed 
anti-ship weapon for the Navy and a nuclear-armed 
land attack weapon for the Air Force. 

Operational Airway Systen^s. The Department of t 
Transportation has responsibility for operation of 

• tKe National -Aviation System. Progress was made 
in several areas in 1977. 

Air Safety. In 1977 the Minimum Safe Altitude 
Warning system was installed in all 63 major air 
terminal^ in the U.S. Begun in 1973, this com- 
puterized system provides automatic surveillance 
and altitude data to alert the controller to aircraft 
flying below minimum safe altitudes. A companion 
alert system will now be extended to tfce en route 
air traffic control system.. Here the same kind of 
aircraft equipment will feed thes^mputers at the 
20 Air Route Traffic Control Centers. A demon- 
stration is scheduled for the fall of 1978. 



Wind shear is another threat to f ah safety in. 
terminal areas. S^ocb 1971 seven air* carrier ac-" 
cidents have been involve^ v with wind shear— a 
sudden change in wind pjpeed or direction at tlte 
edges of airports .where aircraft are flying closc^fa 
the ground at low speeds as they approach or de- 
part the : airport. Research efforts were begun )to 
measure and attempt to predict wind shear, and 
•develop avionics that will enable pilots to cope 
with Svind shear, effects. 

"■^he* conflict-alert warning system was installed 
. in the last o"f trie en route stations in 1977 and ef- 
forts were begin? to install it in terminals. This is 
arfother computer-based system in which 1 the sys- 
tem projects the existing position of aircraft under 
I ' Surveillance, predicts any situations where aircraft, 
cbme^Avithin 40 seconds of unsafe separation,, and 
warns the control lei- by audio and visual signal .so 
that the pilots carl be^ contacted. Field testing of 
'.terminal' equipment was completed in [977 arid 
Is to be installed in major air terminals by early 
1978. ; 

Air Traffic* Control. To meet the need for an 
improved, instrument landing system in the U.S., 
the FAA has been developing since the early 1970s 
the Microwave Landing System. In 1977 the sys- 
tem reached its third phase— prototype? develop- 
ment- and evaluation. Two prototype Small Com- 
munity systems and ttoo Basic Systems were 
delivered in mid-1976 and have been in test and 
evaluation. Also the FAA-developed Microwave 
Landing System based on . the Time Reference 
Scanning, Beam was submitted to the International 
Civil Aviation Organization as the U.S. candidate 
for international standardization of landing sys- 
tems. NASA joined FAA in demonstrating coupled 
approaches and automatic landings using the mi- 
crowave system and a 737 transport where display, 
navigation, and flight control systems marked ap- 
plication of all-digital systems to a conventional 
transport aircraft. 

* Airways Modernization. The Flight Service 
Stations provide pilots with weather briefings, 
process flight plans, and provide emergency assist- 
ance and search and rescue/ The format in ^hich • 
the stations have traditionally operated is highly 
labor-intensive. Demand for services has grown 
steadily and is expected to triple by 1995. Both to 
minimize human error and to restrain costs, initial 
steps were taken to modernize the stations. 

Another modernization was to upgrade the auto- 
mation capability of the Air Traffic Control Cen- 
ters to control and coordinate^ the flow of air 
traffic. In 1977 a computer was installed in the 
center in Jacksonville, Florida, for this purpose 
and software was ordered for its use. When in op- 
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eration in late 1978, this improvement flow con- 
trol should enable controllers to .balance capacity 
against demand; thus improving the uu- the air- 
v space and saving aircraft fuel' by, minimizing the 
need* for flying hoJdihg^patterns; H 

Research for. Aeronautics Improvement 

, The Federal commitment to maintain the com- 
petitive edge for American commercial transports, 
military-aircraft, ?md general aviation continued in 
1977 as NASA and DoD pursued research and de- 
velopment, improvements for aircraft and airborne 
systems, and the FA A researched improvements in 
safety and efficiency in the air anj;l ground segments 
of the National Aviation System. 

Aircraft and A irbSrneJ t Systems . In' addition to 
research to minimize adverse environmental effects 
of aircraft (see the Earth's Resources section of this 
V nummary* chapter), NASA pursued new 'technology 
^\ that will reduce fuel consumption of future trans, 
Hptfrt aircraft by as much as 50 percent. 

Engines. NASA seeks to reduce fuel consumption 
while lessening* deterioration over time of current 
and future turbofan engines. Work began |his year 
on redesigning the fan blades and improving the 
durability* ~of the high-pressure seals. NASA also 
explored next-generation technology for a turbofan 
engine, with much lower fuel consumption. 

Aerodynamics. Wind-tunnel testing provided a 
basic data base on the supercritical wing which can 
be applied to the design of future, transport air- 
craft. Also identified for testing were other com- 
ponents such as winglets, propulsion system fine- * 
grarion, i and active controls . for recluqng wiirg- , 
loading. A Lockheed L1011 aircraft equipped with 
active. controls be|^n baseline data flights in 1077. 
The search for a supercritical wing of minimum 
weight has led to wind-tunnel testing of a full-scale" 
wing section having the laminar-flow suction sys-' 
tern integrated into the primary structure. The re- 
sults are promising for future transports. 

Structures. Advanced composite materials ^wei'e 
being researched by NASA in 1977 and compo- 
nents were being test-flown. One of-these compo- 
nents-ten copies of the Upper aft rudder of the 
DC- 10— was in rQutine flight in 1977 ;fnd a second, 
the vertical fin on the LJ011 aircraft, entered de- 
sign verification. 

In DoD each service has research projects in 
structures and materials: The Navy is seeking to 
replace the metal rotor blade on the CH-46 heli- 
copter with a fiberglass one that is resistant to cor- 
rosion, small defects, and rapid failure propaga- 
tion, needing only visual pre-flight inspections and 
lengthening the repair "cycle by -500 percent. Four 
different components made of composites com- 
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plefe'd laboratory and fatigue tests and are being 
fabricated for testing on operational aircraft. The 
• Army concentrated its' structures and materials 
program on helicopter comjW)site components be- 
cause of the higher penalty that weight imposes 
e on helicopters and the heavier vibration stresses' 
t-hat can induce metal fatigue. Both the; Black 
Hawk and Advanced Attack' Helicopter flew in 
1977 wjyh aerodynamic surfaces and. structural, 
fuselage components made of composites. Two 
other helicopters-the-AH-I Cobra gimship and the 
CH-4.7 cargo helicopter— were equipped with new 
composite rotor blades as the beginning of a modi- ' 
fi cat ion and improvement 'prognum. - * - 

Improvement oi Long-Haui/and Short-Haui. 
Aircraft. In research on future long-haul aircraft. 
* NASA found that the old formula for adapting 
subsonic aircraft to market' demands by stretching 
" or shrinking the length of the fuselage was not well 
suited* to supersonic aircraft. The intricate inter- 
relationship between wing and fuselage desig£Ton 
supersonic aircraft dictated a new approach. In 
1977 the U.S.. applied for" a patent on a diffevent 
concept employing lateral rather than longitudinal 
fuselage . changes, providing wider * or narrower 
cross sections of the cabin^area to alter the capacity 
of "supersonic aircraft. '"■"*.!;,* 

In the short-haul sector, the Quiet Sh bit- Haul 
Research Aircraft neared completio.n-in 1977 with 
fabrication and installation of the new- propulsive- 
lift wing and the engine nacelles. Following its 
delivery to NASA in 1978, this aircraft is intended 
to validate in flight the technology the aviation 
industry needs to manufacture cjuiet short-takeoff- 
and-landing aircraft. 

Aircraft Fire Safety. In 1977 the FAA con- 
tinued its research and development toward re- 
'ducing the hazards irohr postcrash., fires. A two-year 
study was begun to design a system that ranks the 
/interior materials in a. transport cabin -for their 
collective combustion* hazards... A simulated wide-. 
IkkIv transport cabin was used in cabin-fire tests, 
to assess jiazards ; from the t burning of materials 
inside the cabin and the by-products entering the 
cabin from fuels burning outside. Tests were per- " 
formed with the Navy to evaluate an antimisting' 
additive in aircraft fflels and the extent to which it 
minimizes the crash fireball. 

Airzvay Systems. FAA and NASA continued re- 
search to -improve the safety and efficiency "of the 
airway system. m ^ 

Safety of Futurf. Transports. A number of 
new. sophisticated systems are nearing readiness for 
incorporation in the. next generation of jet trans- 
port aircraft: e.g.. active control systems, composite 
control systems, digital avionics, and digital flight 
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control systems. Eve:, though more complex and 
expensive than equi: ■• -jnt the\ would replace, they 
•are likely to be msec ecause t . y prpmise operat- 
ing efficiencies an< ower c rating cosjs not 
achievable .by any o :v meaih. A l)road program 
has been inaugurate., by the FA A and NASA" to. 
determine, guidelines for the certification of these 
new technologies." /' 

Aviation Security; Protection against acts of 
terrorism or sabotage on aircraft or at airports con- 
tinued to receive research attention in 1977. An 
experimental automated radiation-ccyntrast System 
demonstrated excellent ability to detect bombs in 
baggage. The .system is being bought for opera- 
tional use; at airports. ' 

OtheV tests specified locations on commercial air- 
craft where <my bombs found in flight could be 
secured with least risk to passengers and the air- 
craft. 'In all tests incorporating these least-risk pro- 
cedures, damage was confined to levels that' would 
permit the aircraft ^to laud safelv - s . '< . <* - 



pjjrature variati^ns^th/l are cl/aracteristk: of Mars, 
but \hey supplied heit to sortie of the systems in 
the Lander spacecraft during the colder periods. 
Similar evidence of durable performance came 
frpnuDoD's f,es 8 /And 9 ■ satellites; since March 

J97ty(hev have functioned without ' interruption, 

L/ich of the two Voyager spacecraft launched in 
August and September 1977 lias three large, isotope 

^ge.i/erators pn board that' produce a total plectric 
puiput of ^75 watts per spacecraft. For the two 
spacecraft this totals as much .nuclear poiver as all 
o/bgr missions currently in space. Not only are the 
jicwer units expected to be functioning at Jupiter 
encounter 'in 1979 arid Saturn .encounter in 1980^ 
<1981, but the power sources should be adequate 

ffor^the approach to Uranus in 1986 and possibFy 

Iftov the pass of Neptune in 1989'. Like the other 
flight-model nuclear power sources NASA has used. 
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Space Energy 

Research on exploitation of energy in space takes 
two forms: improvement of energy ^sources oh 
spacecraft and exploration of Sun-related energy 
sources for Earth application." 

Spave Power 1 * . 

Electrical energy "sources- available for use on pi 
by spacecraft have traditionally been batteries, 
Solar cells, fuel cells, and radioisotope /thermoelec- 
tric, generators. Future missions and their power 
requirements demand /dynamic power /systems that 
will generate .substantially higher « voltages over 
long mission profiles. 



Solar Cells, Bat femes'* tind Jfuel Cells. 
mental solar cells were produced in lft77 th_ 
five times thinner aj|d lighter 'than >irose % 



use. in space. A blent I of the sil ver-zinc >atthry and 



the hydrogen-oxygen 



battery— was tested in 1977 in siniulnt 



nous orbit. Not onl 



>tis conventional batteries, but use of the same fuel 



on system would offer 



as the main prop u Is 
weight savings by c 
and reserve, fuel. 

Radio is otope Therm net ec t ric 
Viking spacecraft tin 
in orbit aboijjt the. [ 
depended for -long- tcr 
radioisotope thermoc 



i minuting redundant tankage 
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survive the extremes 



fuel cell-the sfk -h\ 
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drogeu 
sync hro- 
as much 



Generators. The 
t ODerated on the surface and 
hmet Mars :n 197n" and 1977* 
reliable electric newer on 
Iectrie generators supplied by 



further 



of diurn: i 



onI,y die: the units 
and seasonal' tem- 



these are encased in proven containers that do not 
leak radiation even under the .stress of accidental 

re-entry. , 

/ Dynamic Power Systems. Experimental work c6n- * 
jtinuedvon the materials and systems that 'might 
/best be used in a dynamic power system for. space- 
craft that c$uld produce electric power in the 1-2 
kilowatt range and beyond. The Department of 
Energy is investigating the competitive perform- A 
ances of the Braytori and Rankine engine systems. 
Ground tests are scheduled in early 1978 to enable 
selection of the better system "for development. . 
^ * ''' « " ■ 

Energy Systems Applications 

In 1977, the space program continued to con- 
tribute to the development and evaluation v of -new 
energy sources for use on Earth. ' v 

Solar Cells. The Department of Energy sponsors 
work on reducing the weight and cost of solar cells 
for use on Earth Two projects allocated to NASA, 
are the Low Cu^t Silicon Array*at the Jet Propul- + 
sion Laboratory, which attempts to reduce cost and 
increase the, lifetime of solar arrays, and the Test . 
and Applications Project at the Lewis Research 
Center, which ex periments with applications of v 
solar cells that m::.ht interest commercial users. In 
two years the market for solar cells has increased . 
by a factor of ten. the cost of arra^f has been, cut 
in half, and tin number of companies making 
solar arrays for domestic use has doubled. 

Satellite Power Systerns. Since 1968 the in- 
triguing concept of large power stations , in geo- 
synchronous orbit, converting the Sun's energy into 
microwave energy and transmitting it to Earth, has' 
stimulated interest and study. In recent years it 
was studied by NASA; in 1976 management respon- 
sibility vrn< transferred to the Department of 
Enenrv. In 1977. the Department of Energy and 
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S A f4n C, ? arterf ? * th L' V : t,;ir -P>-ogramr ending ' tihtyi : study .of health, safety, 'a^d environ- 
volv^l? , " i? & \ T co " sl f rati ?>" ' '>• ntemal questions; of socio-economic, international 

NASA M ^ «° P,U "" d *&P"**C other institutional issues; and of comparison 

NASA conunued defimr, u,e hard w $6 systems^ with other major sources of .eieetrS power; 
and the Department of urgy assumed responsi- , - ' \ * * ' 
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National AeroWutics o 
n<jl Space Adrhinistriation 



Introduction 



Siijce 1958* the National Aeronautics and Sptoe- 
Administration \ (NASA) . h^is been tJie civiliafi 
* agency . of the United States government em*- 
powered rf> plaSi,- direct, arid' conduct research and 
development pertaining jto space and aeronautics. 
;>, This program is carried Qut~m| concert with a num- 
ber of other civil Fan government agencies— foreign, 
/federal, state, and local— who have research or op- 
erational interest^ in these iielcls. The military--^ 
space^and aeronautics program is conducted by il\e 
Department of Defense (DoD) . NASA exchanges 
information .and provides research and develop- ' 
ment assistance to DoD. " . - ♦ 

Several broad objectives have shaped NASA's 
space and aeronautics programs over l the years. In 
space the goals, havfe been the development of 
technology anS" techniques, for more effective space 
operations; demonstration" *of the practical utility 
of 'space systems and technology; and scientific In- 
vestigation 0$ ,the : beginnings, development, and 
'processes of the Earth and its atmosphere, of the 
planets, moons, and Sim of our solar system, and 
of the intricate diversity of the Universe: In aero- 
nautics the goals, have been research^ and develop- 
ment to improve the aerodynamics? structures, 
..engines, and overall performance of aircraft in 
ways that make - thenV more efficient, „ safer, and 
environmentally* acceptable. 

^The year 1977 was marked by solid progress to- 
ward these goals. In space NASA had a total of 16 
launches, of which 1.4 orbited 15 satellites. Of these 
satellites, 1.0 were launched for international, na-\ 
tional, or commercial customers, 3 were in further-^, 
a nee . of NASA's own programs, and 2 were coopera- 
tive satellites. In aeronautics, a number of weight- 
and energy-saving projects made good progress. 



Applications to Earth 

Experimentation with and demonstration of 
space systems that have potential application for 
xije in the public or private sector proceeded in 



• • •> jV ■ 

1977. Communications, environmental research, 

weather forecasting, and Earth resources were khe 

major targets* . , t f 

• '] * * , • 

■ • . x 

Cortimunit attorn 'a 

Applications. Technology Satellite 6 (A TS 6). In 
January 1977 ATS 6, now stationed over, the mid- 
Pacific opposite^ the U.S., began, its third year in 
orbit with a program of' 20 expei^ments. MostVoJ 
these are in uublk'scrvie^disciplines, with thy rest , 
in space science and technology applications. Alsjp, 
its location enables it to transmit experimental 
programming to. the Trust Territories, Pacific Js : 
lands. -V 

Co?nm]hiica(ions Technology Satellite (CTS 1). % - 
This joint Canadian-U.S. satellite, the most power- 
ful transmitter yet launched, wa^torbited in 1976 
to . experiment with satellite communications^ to 
low-cost ground stations on the 12-GHz frequency, 
which is allocated specifically for "satellite broad- 
casting without power limitations. By the end of 
1977, 15 of the 18 U.S. experiments, had started 
operations. They hover -a wide ranle of educa-° . 
tional, health, social services, and linformation- 
exchanrge investigations. - < 

Study of Future Communications: NASA con- 
tinued* 4 research on improved components for space 
communications and demonstrated transmissions 
with experimental hardware to extend capabilities , 
in transmission of voice, data, and television; In : 
response to giving concern over present and im- 
pending overcrowding of the electromagnetic spec- 
trum caused by the worldwide upj|urge in use ot, 
communications, NASA <. . 

• developed techniques fen* compressing band- 
width, thus making more effective use of the 
available frequency spectrum. 

• studied means to open up new regions of the 
v communications spectrum. 

*• studied, experimented with, and modeled such 
problems as radio frequency interference be- 
tween satellites and between satellites and 
ground communications, optimum spacing of 
satellites for communication, problems of intra- 
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% ; mc * inlcr-rcgioi|U frequency- and \irhii 'Tihai^ 

rtig,. and adverse. propagation effects. 



NASA was deeply involved in tapportftjf with ' 
. technical consultation other Federal agencies that-' 
have policy, regulatory, or operational rcspfinsibil- / 
^ -fty in cpnimmiicaiions-prinianly the OfEce of 
^Telecommimications Policy, Executive Office outfit* 
♦President; (he- Department pC State; the "Federal 
^Communications Commission; anj:i the Dcpai tmcnt 
" of Health, Education and ^£1 fare. Aa impprtani 
part of this was NASA's participation (with more v 
thaiVSO tccluiical papers) inj tlicy World Ad- 
ministrative Radio Conference oifLBfbadc.uSt Said- 
Jitcs. V * 

; ^ifvcri as this conference was taking place, NASA V 
'.was also assisting m \Dm>^ations for the 1H79 
World * Adm/inistrativ^ >Radio Conference. Thai 
• % confeience is .expected tc^ completely revise ihelirt^/ 
tcrrjational nadio regulations. * NASA's pailicrtfar 
interest l?as been in Mich arenas as remote sensing 
Ea»rth exploration, search and rescue, and public 
services v broa deist iiig. * * . - 

; C&nmwriiaitiom for'Public Snin re. -Studies. -were ■ 
betfwn on the concept, technology, and* ecoilcVniics. * 
of space communications for hcallh care, educa- 
tion; and public safety applications/ r£\SA .solicited 
user involvement in defining requirements and 
economic viability. 



radio communications, lint abolJhcl was an experi- 
mental tra'nsmitter sending signals to tl>e Nimbus 
f> satellite; observers. were able to track the balloon ' 
during the four days of : -it^\£ligli f And locate its 
downed position within abbut^j&iloinctcrs loiSJI^c 
rescue helicopter. ' " v 

Approval "was obtained in 1977 fo*; the- joint 
Canadian-U.S. Search and llu^uc Mission to con- 
duct a demcmsuatioir of locating aircraft and ships 
yi distress. - The? space segment— an antenna, 
receiver, processor, and transmiUcr-£wouId - be 
mounted on a^ Tiros- N weather satellite to fx 
launched in J981-1982. Ground sratbns would .b 
sued lo^jAovfllc coverage of tlje coiiiint—iaNU.S 
ijnd most'of Canada. The Soviet UliionVu. France, 
au'ioiig other nations, havc'yjujdc conuni :u;nts to 
participate jn tlic^cmonstratioi^, 



were 



Data Collection via Satellite 

Three new initiatives in data collection 
begun in 1977: * 

lH]l\U.S. Army Cprps of Engineers, with NASA 
/Support, bc>Hi^ork on the National Water 
Resources I n format ion fcciucr, in Washington 
D C. */T - /£■ h 

' • ihe US. Geological Survey, assisted ,l>v the 
Comsat Corporation, began the evaluation 
of tW potential use of. commercial satellites- 
spedhcfllh-4hc Canadian Anile communica- 
tions sajc-llitc-to transmit remote-station en- , 
-vironmentai data from the "northeastern U.S. 
and Canada and' from Virginia. ""^ 
• tf^Repartment of Agriculture "began opera- 
tional use of space, data - collection from un- 
attended data colleaiqri platforms in Utah" 
and other western state* . 

■ SateUile-Ai\icd Seareh and Rescue. Thc'abifity of 
satellites to aid in search and Ve.sc ue of distressed 
land, sea,, or ;)ir vehicles was demonstrated in Sep- 
tember 1077 when a balloon with two crewmen, 
attempting to cross the Atlantic to France.' was 
caught in a heavy snowstorm and" forced down in 
the North Atlantic off Iceland. The storm had 
blown them far ofF^ course and disrupted their 
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purTng 1977, use* an^>cyaIuation' of remotely 
.sensed data from aircraft satellites contiiVued 
hi a widf varfety v o f uses. . 
w \ ■ Both ■I.artdsat I. and 2 wferc opera t: naJ .through- 
out tlic^year, although after five .yea i in orbit the 
•performance of Lajidsat L F was de<i ided~bv the 
failure of band 4 of the mullispectr; :mcr, de- 
terioration of its power supply, and c. -lion of its 
attitude control gas. The portable I. sat ground 
station, which had been sending data mi Pakistan 
for v development of worldwide whea estimates as 
well lis for regional resources projec ts, ended op- 
erations in October 1977. 

During the year, I.andsal-C ncaret roinplctioi 
with launch scheduled for early I97S Design ;m<; 
construction of Landsat-D.\ the second-generation 
Earth resources ^satellite intended for IguncJi in 
1981, was opened to bids from industry in Atigusi 
1977. In April the new, sophisticated priryc sensor 
.for I,andsat-D,. the Thematic Mapper, becui dc- 
'.yclppnient. Another type. of Earth r sources satel- 
lite; the. spacecraft for: the IJcat Capacity Mapping 
.Mission, was completed Xhd undergoing final reM 
at She end of the year, .with launch ( hedu' r: 
mid-April 1978. . 

Three Earth resources experiment^ :{ 
for flight bn the second Shuttle Orbit i 
in July 1979: (I) an adaptation ti S n 
/^"S^p^g'cal and other . land ;:pplic i i a 
Slnyttli jnultlspcctral radiometer to : or 
resources applications the newly accc ; ' ral 
bands in the infrared region of the s;.. md* 
(8) an ocean color experiment. 

Tlie Applications 'Systems Veri nd 
Transfer program is a mechanism by ii> rete 

applications projects are brought to c\ 
ment and relcfascd to users. In 1977 \ mk! 
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users completed or nearly completed three, projects; 
four new ones; we re_ap]5 roved, ihv 1977. Those re- 
leased to users were: * * 

the CoasP-CJuard. adopted for operational use 
on the Great- Lakes the ice-monitoring tccli-^ 
ntques developed Tn the* Ice warn prpjec*t. ^ 
Water. Ma^a&ejnent and Control 



• a 



i^gement and Control project 
was. completed for the Corps- of £n^ineers-r- 
using Lanclsat data to predict run-off in flpod- 
prone ateas. . s -? 

techniques developed in jjie -Natural 4 Re- 
sources Information System"Vith *tbc 'sta'tc of 
""Mississippi have been adopted' iSy the state of' 
Georgia, '"relying &i* the capabilities of tlie 
•Georgia Institute of T^chnol^^? 

Of the contintrthg eKperimeni^0^u-th/rc\s*??ur( es 



Prcp;u atioiis/for the First ^GAR^ Global ExpGri- 
mCnl (FCGE), to be Yonductctt during 1*978-1979 
and in vol ing Mfr cou:r$riesi ire ncanng comple- 
tion. A sciics qf preparatory Data ^ystcms Tests 
has been dieted and die data anaU/ed by 
t>i ins and other private $ind gov- 
v )]- satellite-derived data. 
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r^jejjs, one of flie most extensive ha/ beerifth,c \ mos ( 
I^fge Area Crop ^lventory Experiment ^(LA&IK) - * C ^ C1 
^In-1977Jt completed its third year of deviling and 
• testing -technique"^ for accurately forecasting eacli 
yeaxs worldwide wheat product ion. .LAC IE is* a 
joim/endcavor by the U.S. Department of Agricnl- 
. Hire, the National Oceanic and Atmospheric* Ad- 
ministration ' (NOAA) . and NASA. iLAGIE is 
scheduled for completion and final , evaluation* in 
:iid-i97ff^\pplied to the U.S. Great Plains, J.ACIE 
n the last two years "had- forecast" wheat *produc 
:ion with 1 10 per: en/ of the (forecasts of the De- 
partment of Agr. culture's Statistical 'Reporting 
Ser~ ice for the winter wheat region. Spring wheat 
estimates were not as, accurate, buPsnew techniques 
are being tested to^imprpve the projections. The 
Department of Agriculture has aco/iired its own 
advanced imaging processing equipment to further** 
test LAC IF, forecasting techniques. 



Tiro/-N satellite in time for use in the FGGE. Ov 
tlic/last half of 1977, basic geophysical data sets and 
<analy/cd w/iui-field data * were distributed* to the 
marjoi* inoclelin^Acentci s in the U.£. These arc the 
most comprehensive sets of /fnctcoro logical data 



V eat her <t*d Climate ' 

NASA'- veat er and climate program focuses on 
jevelopm:nt o applications for weather observa- 
ions fror space: delecting, tracking, and preclict- 
ng sever storms: .^recasting the daily weather 
vents; a: : denning he dynamics of climatic 'func- 
tions. In 977 emphasis was on/support of the In- 
:ernati(^n^: Global maspheri/ Research Program- 
TtARP) and ::ic " ■tion.iI'Wcatlicr -Service;, and 
:xtendin<; the capar Cities of our current satellite 
systems. N ASA is also working with the National 
Science Foundation and the National Oceanic and 
Atmospheric: Administration to marshal the na- 
tion's m:-^ appropriate resources under a U.S. 
Climate Plan. NASA's participation will include 
satellite" remote sensors, data applications, data 
management, and a variety of numerical modeling 
activities. 



issemblcd: thev liave been ^cry helpful in ex- 
pch^ncn-tal fene asi fng fc f j ^ 

By due end o; 1977 riv^ passenger airliners had 
been outfitted with" airtoiuatiV ccpiipineui thai will 
collec t meteorological "data 'and immediately relay 
them to wcatlKT )i:ecastcrs via connmmications 
satellites. In tl iaturc. this system can . provide 
weather .data from areas of the tropics and 'vast 
legions of the southern Hemisphere that have sel- 
dom 1 reported on. Also tlic.se? data will bc y 
bencfi to all outer aircraf: flying these routes 
hi th- orm of up-to-tl c-min ate flfgh: planning, 
which offers economies in tim andJajci and gains 
in flight safety. J \ 

GOES satellites jaunchedjafter 19^) will be able 
t^ observe the threc*dimerisioiial struct arc of the 
atmospheric temperature and watcv-va: r distribu- 
tion with an instrument being developed by NASfV 
These new capabilities promise excitin advances 
in ability to detect, tra.x. and monitor the evolu- 
tion of severe storms.- e nabling earlier warning* to 
the public/ Extensile research nncT development 
will be needed to bring this technologv to cfp£;ra- 
tiona'l status. NASA is organizing and will conduct 
the necessary demonstration experiments in con- 
junction with NOAA. 

Work continued on* the % Atmospheric Cloud 
Physics Laboratory, scheduled to orbit in tnc Shut- 
tic. Sparclab 3 in 19R1* It will be a versatile tool 
for studying basic physical factors in the formation, 
growth, and interaction of water droplets and' ice 
crystals within tnc atmosphere. At the close of 
1977. proposals from die scientific research com- 
mini ft y at large were being reviewed for selection 
of those experiments that offer jahe fulles possible 
benefit from this research facility. 



• * Environmental Quality ~ ^ . 

The study^of environmental quality .is aimed at. 
deveffiping demonstrating an\l transferring spat e 

o! Of rv r f 1 fi i in/i'irimi, J ...... ; . .. . _i • 
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lechnology^fiat measures ami monitors rhosc 5s-? NOAA urcrah, ; 

f peets 9f,theVin4ronmeni wliicl£aff<<et the duality 1,a ]^ ), v * sl "- 

t>f Earth's atmosphere :iiur u-:itr»r • ' . ,)V A.. To » evaluate 



vi Earth's atmosphere and* water. ' 

The major ^foctis of/cscarch in. the. upper atmos 
phc :s on ;he contimAg measurements* of cp/an 
titi: and distribution })f global ozone* and othe 
imp insist ^nfitbsj^hc^c >pccics* and oi 'Jipw thc\ 
Ghiw.gc with time—One nfmomnt <4ynaini/ rWcVs 
ben:z 'studied isYffe niTeTcin^fe of gases a>d ae^l, 
sols >etwcen;thc lower atmosphere (tropospfiere) 
and he.upppr atmosphere .(Stratosj^icrc) ?~n proc- 
ess .tually referred to as troposphere^ralqsphci e 
V^^excnange. .Diiriitg»tlB simiiflcr^i 1077) NASA con 
ducted an experiment from the Panama "•■CawfT 
Zone to measure tHis exchange ,as ft takes plaice in 
they tropics. It is thohght^I&t this'rcgioii^kno^n 
as the Intertropical Convergence Zone, is the loca- v 
. . tion/of major upward transport from the tropo- 
L *«\ sphere to the stratosphere. A 'related experiment, 
\ to measure the transport fYogj (he stratosphere to 
the troposphere, -is glar ed fo) 1078 .at \i!uAm id- 
latitudes in the jet foimn- rc-ion, whciVtfiajor 
\ downwhrcf^ransport is thought t ^occulv • 

Remote sensing tcehnitjues foi measuring '(juan- 
titics of key tro^ospherir loIIui nts in the lower 
^atmosphere, continued io mprove during 1977. 
N^SA and the state of Ma via nd began a project 
in the f;lll of 1976 to mc;;si7rWho / ' dispersion of" 
aerbsolsVjLmktcd froiu o(mcrj£rterating plants. 
NASA used a ground-b«V . lascr^radar (lid;*) for 
the measurements. Man land's P -nartmcnt of Na- 



v'hyn tjic Argo Merchant 
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tided /to a reqtiesf^iioiu 
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J/" 



fV)^V 



tural Resources is. using the' d 
mathematical models Used to p 
mental impact of powerp! ant en 
the'sta-c pick the most suitable i 
power plains. Anothei*> VSA c>; 
1976 over Lakr Michiga using 
to measure carbon moi 
generated' by the cities 
sensor, a development; 
filter cr relation radioi: 
ing carbon monoxide 
kilometers downwind. A 
being used to evaluate 



to Hiiprovc the 
act the envhon- 
ioiis and to help 
nations for [utme 
eriment began in 
ii airborne sensor 
:idc in the tirhan plume 
Chicago and Gary. The 
instrument called a gas 
<er, succeeded. in mcasur- 
.tributions as far as 160 
psof the distribution are 
i e rate of d i spe r s To n and. - 



together with other measurements, to study the 
% chemfcal reactions within urban pollution plumes. 
The sensor is a prototype of owu hat will be flown, 
on an "early Shuttle mission to measure the dif- 
ferences in carbon monoxide concentrations be- 
tween the heavily populated northern hemisphere 
• and the :ess. populated southern hemisphere. 

Wateivquality monitoring in 1077 found NASA 
active in Mudyihg both national and* international 

16 




spit 



environment, 
spilled its r: 
t u**kc; i„slan( 
\OAA wit 

>y NX) A evaluate jmttj^inatical mode 

improved prcuVtion of u : life cycle of oi 
at s\;a. i ' 

* In support ()!T1^ni,eiV)ati.oiiHJ Joint Agreements 
on thc-Grcat I.akjjfc bcfuee.n die U.S. aiid Canada. 
NASA used^KTmote imagery frmrrM.aVl^at -:ueh 
liles afcd aircraft sensor- -^estimate the amount 
of sediment entering i\J J.;ftes fijom thcu nibu- 
taricvs ; The data ^uere also usc\-l, tbge'lhe: \vit)^ N 
►en at the v surface, ito produce 
maps>*f oiheryri||)ortant pollution juM'^mj 
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e -/rs Such as'/Sectihi 
n it rien ts. 



depth, si'lica<" sulfates, antf 



liarth and Ocean Dynamics 

■ * ' ' - 

Kanh duiamjcs- aTre monitored and ^udiefT to 
helj) in the assessment of; mineral and •energy re- 
source potential, to^ forecast eartlupiakcs; and to 
do geodetic surveying. Applications- derive from 
studies' of such physical characteristics of the solid 

magnetic fields; th^ tcc*. 
> crust; crustal deforma- 
s, subside nc^ and post- 
Die of the Earth around 
ons in the EaTti' s rota- 

\ 

derived from 
better defirit- 
'!igtu components o/ the 
these gravity eata.'aloifg with mag- 
id datn*fj om the C^rb \ ing Geophysical Ob- 
; "«oj)hvsiea-Kla: , arc currently >eing 
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of resources 
c.tic Field .S 

is' a joint NASA/ 
. To be launched in 
■d' a nd more aacura te 
field. * 
aas since 1972 placed 
i sites on either side 
two years and. by 
detect relative mo- 
ican Plate a^d the 
^ long-term observa- 
timc, tcctonic v plate ; 
.*d. Additional meas- 
fall-of 1978^to verify 



mese preliminary conclusions 

Another form of measintnycnt is Very Long 
Baseline Inierferomctrv. In H^fj NA^A use^ this 
method to meastne the distance between, "large 
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Vadio astronomy antennas in boston aiid California 
with a rcpcatablc accuracy of + 10 centimeters. In 
W77, mo&ilc lasers were deployed at these sites aftd - 
a t^ird antenna site«in Caiifogqia to tipss-^iipare ' 
4lieliK(casurcmciTts JroiA satellite laser ransrirtg with' 
jJiosc from, interferon! etry. Analysis is-expected to 
confirm the^absolute accuracy oMxrth scis of dis- 
raace measurements. • ' - ^ 

Another use of lascrV&j^ing employs thc'Mooir^ 
as target. Lunar laser ranging dataware being ac- 
jr quired by the^MfDtonald Observatory in Texas,- 
the H^jpakala Qbseryatory in Ha^vfkj; ahH a station 
near Canberra, Australia. Simifc^stations jire be- 
^rfg ^bnstructcd-in^Japan, l-rancOWcft. tWmahy, 
and the>Sovict Union. When completed, this widely 
distributed group of stations wilh be able, to obsfc^ve 
polar motion, and Xajriajions in . the Earth's rotation' * 
rate with, much greftrar juriirjficy *k?ni is, attainable 
through' the Inter national, Latitude. Service > using 
classicaj listfonoinical -rnVthocls. \ # v. 

Another form of Earth r asiiroment that NASA - 
IS" involved in is the expe neS^t,'" a* . t he reqitesjt.ot ' 
^the National Ge.otletic Si.il v.. to at . empi to resolve 
« discrepancy in the mcas..;cmcnt of st:a level* 911 . 
'thcwPacijfjc coast, as dote- mined by Conventional 
land and ocean tcchiiiqiu . A' mobile interferom- 
etry. unit, the Gcos 3 «atcli:te, and Doppler satellite 
king have been used to acquire a set o^ data 
j^pthat arc being analyzed by o thc Survey. 
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pi.m it evote S20 million 
m :ii and SI million in 

ex :)ense .' ■. ' t 

Uapning of ocean -bo Horn tppograjmy in. ccKistal 
>i xletyxtjon of -ocean surfa^co pollutants lias 
ie experimentally in the 'Airborne* Occan- 
Lidar, which uses ; t scanning^fifter beain 
ba|lrymetric or' fluoro-scnshig mode. 



9 

ERLC 



IX _ !OU> 

Ik 11 d< 
ograph 
in c r i 1 1 1 
D; ;a fr 
fense V 



orth okcapital equip- 
operating and personnel . 



shape 
illation 1 
the sc: 
. The 11 



Ocean Condition Monitor in g a- d Forecast ih . 

In 'monitoring, ancf forecast ug ocean conditions'. , 
satellite dflta^irc used for inu-crstanding and fore- 
casting the marine environment, developing ocean 
sensing techniques, and evaluating tfte benefits.. of 
ocean satellite data. I * * 1 

Data from Gcqs 3 coir.inueJ to be used during 
1977 to refine models of the Ka.rth's cravitv field; 
more precise v definition 01 1 1 v 
; is needed fo track ocean cir 
as the Gulf Stream and In ir 
heights) in the North Allan, 
definit ion of- the ocean gcoic. 
proved correlation with subsi. 
such as fidges, escarpments. 
Gcbs 3 radar altimeter has 
■ limited, capability for mapping*over land and ice. 

The promising new technology for ocean mon- 
itoring is the Seasat-A satellite, scheduled, fof 
launch in May 1978, A Srasat demonstration pro- 
gram got under way in 19 7 at. the request of com- 
mercial users to validate economic benefits. A scries 
of two-year experiments will be conducted in sev : 
eral areas of ocean commerce, including offshore 
oil and gas exploration, marine fisheries, and mari- 
time safety. To^yogort these experiments, the users 
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ui the lidar are being" used' by ^oD's De- 
apping Ajg(?nc^an(j' NOAA's , National^ 
Oc eanic Survey to /define instrument specifications 
for an operational airborne bathyifietric mapping^ 
system. IJie experimental data indicate that high- 
quality bathymetric maps can* be' produced quick'Iy- 
and economically with this technijfire: - * ' 

Materials Processing in Space v f 

Work in ljUiT on materials processing in ^spacc 
^wns^mostly prcp^iiitQiy tor the extended ;scrics\pf 
expei Miicnfs; that will (begin witl^flie Space Shut; 
UleJlight^O^ ■ / j. ..." ■ - % , % 

Two sfiort-durati.ou rocket flights this ^ year 
marked the first flights of two systems for coritaincr- 
fess , processiJltSLjtf materials in ^spacc. In one of, 
these systems, electromagnetic fields simulta*ncously 
hold materials in place without, physical contact 
. ;fnd heat the materials; In the other system, station- 
ary sound \vavcs in ah ai>propriatc. gas^ apply posi- 
tioning roes on the 1;... rials; this positioning 
featur ^ Tested on its u^: flight arrlcS means ftpr 
\sampi. i ting wijl be tested later. ^Both. systems 
.will proc ■> materials that cannot bc^kcp.t pure 
when hca -d in co»taincrs; exjjerimcnts will" also 
■ be p ssibie with new glasses that coiild be con- 
•vcrtec inU' unwanted crvstallinc fofmS if melted 
in contact with -foreign materials. "J 
. Ele;:ric;i. separation of different types of living 
cell w -s tested in'sp;tcc on the A pollo-Sbyuz flight 
in 19""> w ;, h encouraging results but further pr^pg- 
rcss h; b: 1 slowed been se ther. was at that time 
no err -ier means of rapid* mVa.surcincnt of the 
moti' . different cells in an electric field. A 
groin; Kised system to measure such motion was 
design i and constructed in 1977, making it pos- 
sible :> predict the results of separation runs in 
space It is also expected to have significant ap- 
plications in gen era J medical and biological re- 
search. 

The. first solicitation for proposals , of materials 
investigations to be performed on Space Shuttle 
flig-its »was made and produced a ^total of. 120 re- 
sponses.. A first grotip of 14 investigations was 
selected for flight on early missions and another 19 ^ 
prc/jects were marked for further development 
prior to seiccticm ticcisi6iis. The general objectives 
of the materials experiments on the 'early "Shuttle 
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ttiissions<jhriU be to develop understanding of fun- 
damental processes-i^od properties of 'materials and 
\ to demofest^te the value of spads forf materials 
^ work. Subjects of space investigatidns^ill include 

crystal growth from solutions; nnjeks injtd vapor • 
^pha^es; production of specialized composite Mate- 
rials; containerless glass processings Aid synthqsisy 
\ of large-size latex particles ttj^t-are liniforni in size. ' 

* < . f w 

■;~ -V V ■ S 

Science ' / v 

- * -\* • V - ^ ■ V ' , 

Study of the Earth's kpp^r Atmosphere . 

„ * • The ^iAjfrfehefosive plan that' was drafted in 
19*76 to develop a solid body of knowledge % 4m lir e 
^ pjjysics, <feemistry/ # arid ^rafttfer processes >of s^/e 
^ *upper atmosphere was extensively reviewed h^A the 
*scientifici.a j ri^-technical cdmmuifrties^a stratf^hetyc* 
research* "advisory committee, I and other Federal 
vagencies^.Ia^mplernenting tl|e plan, NAM Mas.. 
? eml^nrkad on -a broacl-tfased program of 'rcsfemx-liA j 
' .technology, jirld 'rrionitc#ing embracing over^'1.20 ' 
tasks. To sharpen .the focus of the program/ a 
strategy has been devised .with the guidance ahd * 
: assistance of tine advisor/ committee*, clearly stating 
the key sciem!^ questions and problems that now 
limit understanding of the stratosphere— especial ly 
the ozone— and specifying what ineasAirement^Pfe - 
required to answer those questions and x how bc& 
to obtain them. ^ c ' 

As part of the study of the upper atmosphere, a ■ 
combination pf ? f|plcl measurements, theoretical cal- 
culations, and laboratory measurements have in the 
past year changed the understanding of the relative 1 
importaric^ of man-made nitrogen oxide (NO x ) 
compounds: as compared (o chlorine oxide' (ClOj 
* compounds in the destruction of pzone. CIO, is : 

now thought, to be a major contributor to the* de- 
struction- of odd oxygen (including ozone) in the^ 
\ipper atmosphere. , 
\Six balloon' profile inea^rements of chlorine" • 
(CI) and chlorine monoxide (CIO) have indicated 
that the amount of CIO in the stratosphere is 
highly variable. Olher measurements have given 
readings simultaneously "of the amounts of. the 
oxygen rjidicaf OH, nitric oxide (NO),' oxygen 
' (O) , ozone (O,) , CI, and CIO. Latitude and altiV 
1 tude distributions of nitrous oxide (NoO) and rhe 
chlorofluoromethanes F-j1> and- F-12 were also 
-measured. The findings were that concentrations 
of each of these latter- species drop off rapidly above 
12. kilometers altitude at latitudes greater than / 
v about B0°. No interjiemispheric differences were ' 

observed .for concentration distributions of N.O 
- (— 1%) r. For F-li and F-12, only small differences « 
, of 10-12% were observed, indicating that tr^e 
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world's xtbtal atmosphere is mixing more quickly 
* jmd efficiently than was prdclictccj^ " ' . " ■* ./ 
^Roth spectroscopic "and filte^ollectierrr^measurey " 
*n1fents/*have N i>cciT obtained^ of'hydrogcn 'chloride 
a (HCl) and Jiydrqgen fluoride (HF) /m the stratb- * 
sphere, •'fiiese; provide- information' /ihqixt* na^iral 
and man-made xomribuuons^fo reactive, ^ac-ies in 
jhe upper atmosphere. V . , /; . J * j. / 

Bflckscattered uI^ayioIeKmeasuixmen'ts of" ozon£ 
. were obtained j by the Atmospheric Exploner-E 
. satellite until March 1977. When combined with 
Recalculated data ftorf^the -Ninrbus'satellnes, tfieSe 
measurements should, comprise, the most complete 
dats^&f for glolA ozpne yet available. 

In the coiyinijing jeffort to .inrprpve 'Jtheoretical 
•models, such models were expaiicled to* incorporate, f 
Oadiluive feedback, temperature* feedback, scatter- 
vin^ and ... al-bcdo ^jftectsi The jcliiinVal effects, on 
ozone depletion are being investigated in^sonic cfe- 
titil, and w^rk is undei*-way.to^irjitjgrate clie^nist]^* 
- >nfe existing general ci illation models and to- 
r study- tht^ftG^-~mld 4 importance of aerosols on 
siKitpsph^nc phenomena.. \ ^ - 
* Measurements ofc new reaction rates between im- 
portant minor species in the HO x , C!O v NC^ N , and 
O x 4 families, plus extension, of existing rates to 
Stratospheric temperati\rf and pressujrf conditions 
have continued lo improve data for the photo- 
chemical models.' A complete list of reaction rates - 
has been compiled for all known atmospheric re-^ 
actions of importance. / v > j 

In assessing man-made' effects, the predictions on 
depletion of ozone by SpacSbfilfuttle flights have 
been incorporated into a draff' environmental im- „ 
pact statement and an aircraft assessment has, been 
provided to the Federal Aviation Administration, 
Congress, the» regulatory agencies, and tbe National s 
Science Foundation. Assuming 60 Shuttle' flights 
.pcr^year.w the l^iodel calculations predict that the 
mean ozone concentrations in tliG northern hemi- 
sphere will be reduced by abput f).25 percent with 
an; uncertainty- factor* of two. Most, of this reduc- > 
tion is produced by chlorine compounds in the 
Wiuttle exhaust. Aiter replacement of the present 
fWl with a i\on cnl brine-producing fuel, t-he ozone 
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layer would rctufri to normal in about fiv^~ years., 
New calculations have been completed on the 
ozone reductions that wpuld be caused by con- 
tinued chlorofluorbmethanc (CFM) releases at, the 
1 97/S rate. The National Academy of. Sciences has 
defined error limits from uncertainties in chcrmV 
try, transport, and the release rates. When these 
error limits are applied, thq prediction of ozone 
reduction becomes \ percent to 30 percent. In the 
case of the CESfs. unlike the case of the Shuttle 
cfTliients, the return"- to an unperturbed ozone level 
is predicted to require many years because of the 
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slow diffusion of CFMs 
sphere; L \ ' ' 
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Study of t}j£ Sun and its Earth 'Relations hips a 
\ . r ' # * - f 

'It^is'^now well knowri>that certain effects in the 

Earth's -upper atmc^sjihere— magnoHil storms a*nd 
, short-wave faclcouts, lor example— are associated 
with, variations in the output of th? particle an$I/Dp 
ultraviolet light" fluxes., from the Sun. NASA at- 
tempts to understand ho*v changesjn solar envirofi- 
ment affect the Earfla and, if possible, predjet the* 
occurrence of soYar phenomena^ that .shape and 
control the changing space ^environment df tlu* 
^Eartlv This entails sti/dy of tm^Sun itself, th> solar, 
wind. jhkI the ejfects ^>n the Earuh's magnetic,, field* 
and upper .atmosphere: % ^ • v, 
■* Study (Jf the Sun. In its thirV-year of operation, 
the Orbiting Sola!' Observatory 8 (OSO 8)com : 
bined continuation pf* established observation pro- 
grams with a w,atch pivthe new solar activity mark- 
ing the beginning of the new s^lar cycle. Among 
the programs already j-indcr way is the study of the 
, newly discovered downflpw circulation patterns jfa 
the solar atmosphere. This may be important hi 
understanding the energy, or' mass .transport into 
the solar corona and hence m the generation of 
the solar wind. The study of new activity includes 
observations' of tiny r magnetic regions which un-. 
dergo flare-like brightening within ho^rs after 
emerging through the Sun s surface. Study of these 
simple features may provide ^new insight into .com- 
* plcx. flares in older, active regions, in which ex- 
plosive Dursts of mass^arid energy can be expelled 
toward the Earth. Another new feature was de- 
tected by a soft x-ray .telescope flown on j,wo dif- 
ferent sounding rockets in conjunction, with the 
.' recent minimum ofvsolar activity. The telescope 
. f^und that the number of x-ray bright points aj: 
' solar minimum was double the number observed 
during the Skylab mission. Since such bright points 
are a direct measure of magnetic flux, these ob- 
servations suggest that . more magnetic fields are 
emerging at solar minimum than when Skylab first 
discovered them, near tj?e middle of the solar cycle. 
This evidence may have 'considerable effect on our 
'understanding of trie nature of the soLar cycle it- 
self. 1 • • ; 

The next stage of solar Investigation will in- 
volvejfhe Solar Maximum Mission (SMM) . It will- 
provwfe temporal, and spatial high-resolution, ob- 
servations -of solar flares in those gamma-ray, x-ray. 
and cxtremc-ultraviojet wavelengths where solar 
flares release most of their radiative energy. These 
wavelengths, are also the. ones' absorbed by the 
Earth's upper atmosphere and therefore are most 
^ikely to cause atmospheric effects. Also the SMM 
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-^carries a special <:orortagratfn capable of detecting 
'mass- ejections as thiy leav^ the Sun on their jour- 
m nqytoNvar^d* Earth*. Both the sptftecpaft and {Jie e^- 
perfinents arc on^schedule for laujrch jrt / October 
1979. ^ • ^A. 
/ . m fyut$ of the SSlar Wind? An analysis finished rn 
1077 showed the first viable evidence; of tHfe pas- 
sage of a high-speed solar wind stream through 

* interplanetary space? This c?c£urred when. (he ion 
. taiTbf comet Kohoutek (being observed* by 'ty AS A's 

^om^tai^^TOsca/ch.'Qbsdrvaipry^ifc New Mexigo) 
/sjiowpj severe -distentions as # result of interaction 

* vqtjiji high-speed wind stream from a sola*- corofjak 
liole (observed by solar* *teles«epes, on i&ylab and 
mejasured^w Afnter planetary "Monitoring. 
Platform 8) ".' Th'is^amc wind- Stream several days* 

4 ) latCKrfaVsfcd *i |pvere geomagnetic storm in the 
vicinit^oT th'e Earth. The uniqat? series of observa- 
tions offSrs an^ unpafaljeletl op port unity/ for . thjc 
stu^iy t>f the origin of solar wihd streams 'and* then 
' their propagation fn^aq area of space which so far 
^s been Httle studiei - ' • 

Study of the Sbiar Effects near the Eqrt^. The. 
two International Shin-Earth £xploTer satellites 
launched in Octobcr^.1'977 iffTo. looping trajectories' 
around the Earth mark both a high degree of in- 
ternational cooperation and the first time two satel- 
lites .were designed to be used together td study the 
Earth s immediate space* environment. With one 
satellite managed by^NASA and the other by the 
European Space Agency and witrf Eurdpfcan and 
U.S. experiments on each, ISEE 1 and 2 will be 
investigating the^interaction of the solar particle 
0 flux X so hip wind) with the Earth's rrtagnetolsphdre. 
With thoir similar instrumentation and variable' 
distance from^each other, they can separate spatial 
plasma structures *from the complex- temporal ef- 
fects caused. by the impact of the solar Jvind on the 
magnetic field of uhc Earth. ISEE-C 'will be 
launched in 1978 and positioned farther out where 
it can .measure^ the free-flowing solar wind and 
special solan events, such as flarcSj about an hour 
before the particles reach ISEE 1 and 2. With this 
kind of triangulation, the total set of data will offer 
a much more complete description of the complex 
. inter^cTions than has been possible- tin til. now.. And 
when the Solar Maximum "Mission is^in ,' orbit, the 
three IS EEs will join the SMM in. complementary 
studies of solar r fl:ircs, the disturbances they cause 
in the solar wind, and the effects of these disturb- 
ances in the magnetosphere. 



Study of the Moon and Planets 

The Moon find Meteorites. Studies of the Moon 
ancl meteorites continue t£> unveil new, unique in-, 
formation /ibout the origin and early history of 



the sola** system. Recent, Trfcalysgs of lunar- rocks 
and of meteorites havl* prodikccl the following dis- 
coveries: » , 

• tiny platiiium-bcariiig'prKticlcs found* in the ■ 
j Allendef TmcteorUc may bc* ( interstellar mate- 
rjsjjs tlvit exjsteel before the solrfr sys\em was* 
4 formeti 

» • the composition of magnesium in some n\ta- * 
orites indicates that radioactive aluminum-?* 
■avas present <hc metcoru<jg formed; tj>ij? 

radioactivity 'may have" provided -*thc ' heat 
needed lor the l widespread early melting that 
occurred oh (ha Moon^md pkiitets * 



recent 



ly or*fa 



jfd cores ofj"lunar- soil" are pro- 
/.Mf d 'nS,8frc^ history, of 

} _ "thc^im V'aciivity for perhaps a Inllion years 
"i into £hc past " ^ ' 

the U.S^.^ s Mobittftmplcs rAxuXted by Luna., 
* 24 and provided to N/\SA.uru*6r the terms of~ 
^ (he* joint £xch;rfrgc agreement, arc client 
. ^ cally unique' type of .volcanic lava. Tficy show 
that the volcanicjjisto'ry of the -Moon isjrfEhe 
, . complex in itr chemistry than preWously. 
• p yiou^ht. *. 

Studies of* the. Moon also continue to provide 
new models for the jnajor processes that affect the 
, terrestrial planets-early melting, meteorite bom- 
bardments, widespread volcanic eruptions, and 
planetary magnetic fields. ^For example, recent in- 
- vestigations indicate that the Moon had a strong 
magnetic field in the far past (4 to ^billion years 
ago) when it .was hot and volcanicauy active, but 
that- this, field gradually disappeared as .the Moon 
cooled. This relationship between thermal history 
and planetary magnetism inky offer better under- 
. standing of other placets: the Earth, with its. strong 
magnetic field and continuous' volcanism; Mercury, 
with its weak magnetic field; and Mars, wiqh its an 
cicnt volcanism and no magnetic field, 

Thv^PVanets. The most significant plane 
"tovcry of the year was the rings around the 
Ur anus. The rings' were detected* as being rue 
cause of an unexpected gap in the observation of 
tfi^bccultation of a moderately brighf, star by . 
Urailus. The discovery was verified by observations 
made .with* several ground-based telescopes- and 
NASA's Kuipcr. Airborne Observatory, a C-141 air- 
. craft mounting a 90-ccntimctcr telescope. The ex- 
istence; of ninp around /Uranus— a phenomenon 
hitherto krtown only- in 'the case of Saturn— was an 
important 'ami "completely unexpected discovery. ' 
-~ Vj-kiNk; Missions* The four Viking spacecraft 
(two Arbiters and two landers) continued to op- 
erate "normally and .returned science data from the 
1 ' % * Major^discojjcrics have been made in "" 
composition, , meteorology, surface 



properties and chemistry, and the study of the^ 
» moon Phobos-. Massive deist storms- have -been ob- 
served; seasonal variation in % meteorology mcas~- 
^*urcd; a .Mars" quake detected; variations in . at- 
mospheric water /vapor measured; large an^ounts of 
water discovered at the north^polc; and' nitrogen, 
•kr y^toyVand 'x^non gases Found iiiv the' atmosphere. 
- The- moon Phobos is m licit: ^ css AsnsJ? t|ian Mavs, 
indicating that the moon »robabty is a captured 

body.' - 4 * , r •• y 

. 'The .hiology^and 6rganic cherhistr.y instruments* 
^ on. the- Viking landers luwjp coinpjqted their usefuj.^' 
life. Results fiQin th£sc investigations continue to, 
tantalize scicntistsj^TOtcnse study and laboratory - " 



pirzzle.Nv ^ 



planet 'Mars 
atmospheric 



experimentation , arc trying to urftaveh "the 
Of major importance iit th« daufr is whether there^ 
^ is. or is not evidenced lifc'ori Mars.*Tlie final re-**, 
suits will affect unc-terstandingof the origin of" 'Ufa * 
oji Earth. » * ' • ' ' \ . 

^ Pio^Kers 10/anj) 11. Pioneers 10 v aifd 11* cofi" 

tinned to provide: valuable data . oh interplanetary 
' space as they cruise" through the 04itcr solar system. 
The spacecraft made successful flybys of Jupiter in " 
1973. and iy74, after whicli 10 moved out toward 
interplanetary space and 11 used Jupiter's gravity 
to swing onto a trajectory that will encounter Sa : 
turn in September 1979. . " • 

Voya^vr, Two 'Voyager spacecraft wqr\^in)clied 
'successfully by Titan-Centaur boosters Pr^rn Ken-' 
necjy Space .Center on^ August 20 and September t>. 
1977. Both spacecraft arc operating normally as 
they cruise toward the planets Jupiter and then 
Saturn., Scientific observations of the former will 
begin in December 1978< Voyager l\s closest ap- 
proach to Jupiter will occur oil, March 5, 1979. 1 
Voyager 2 is on a slightly slower trajectory; it^will • 
begin science observations of Jupiter fn. April 1979 
ajid its closest approach will be on July 9, 1979. 
Both spacecraft will use Jupiter's gravitational field 
to swing around toward Saturn, arriving in 1980- 
1981. Afterjthat encounter, Voyager 2/may be de- » 
fleeted into a four-year flight to the planet Uranus. 

Pionkkr Vknus. One -of the n)ost challenging f * 
cjucst.ioiis about Venus is .why a planet that is so 
much like Earth in many respects -has an atmos- 
phere that is vastly different. Tfce^rjmaiy objec- 
tive of' the Pioneer Venus mission is tO;Study i< 'the N ^ 
Vcnusian atmosphere. Two spacecraft - will be 
launched: a Multiprobe— a bus with four atmos- 
pheric-entry probes— in August 1978, arid an Or- 
biter in May 1978. Both spacecraft will arrive at 
Venus in Hecembcr ,1978. The probes will enter 
the Vcnusran atmosphere at the same time but at 
widely separated poihrs. '■ 

Camleo. Begun in -197.7, the Galileo mission 
.will ^consist of an ^ciftr.v probe that will make. 
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direct measurements in Jupiter's atniosplrcTc and, 
an orbitcr. that will 'orbit for over a year, studying 
Jupiter; its satellites, and its magnctospherc. v Thc 
Federal Republic of Germany, by .cooperative 
agreentent with NASA, will provide the orbiter 
retropropulsicm fystcm and two of the experiments. 
The jGalilco mission will be * launched by the 
Sfuittlc/Inertiul Upper Stage in January 1982. 

Studies of the Universe • 

NASA's research in astrophysics is pointed to- 
' ward the solution of such fundamental questions 
as: what is the origin of the Universe) What is the 
origin of the v clcments of which the Earth and 
human bodies are constructed?' What high-energy 
< processes occur in space? 

.. The tools used iii such research are satellites 
yith differing assortments of specialized instru- 
ments; ground-based telescopes; and, the specially 
■^instrumented funding -rackets, balloons, and' air- 
<crait that can fly high enough to escape most of the 
v filtering of eleetromagrieiy; energy by the Earth's 
atmosphere. ' * ^i- 

High Energy Astronomy Obsenmtory: A major 
event in astronautical research was the successful 
launch on August 12, 1977, of the High Energy 
Astronomy Observatory 1 (HEAO 1) . The spacc- 
craft was boosted by an Atlas-Centaur rocket into 
a^ nearly circular, low-altitude, low-inclination orbit 
which will minimize the radiation background for ; 
the experiments. The largest Earth-orbiting un- 
manned scientific spacecraft * ever to be launched, 
HEAO 1 is the first in a series of three. of its kjjid, 
designed , to make , significant contributions *to 
knowledge in the. disciplines of x-ray and gamma- 
ray astronomy, as well as cosmic-ray research. 
"HEAO-B and C arc' scheduled for launch in 1978 
and 1979. . ? 

Data from these satellites are expected to pro : 
vide valuable information on the nature 6f some 
of the most recently discovered and mosefcmysterious 
objects in the Universe; including pulsars, quasars, 
and, possibly, black holes. From such information 
could come better understanding of high-energy 
processes in , the /Universe and new theories of 
eneFgy production by "these objects. 

All four experiments on HEAO 1 were operating 
and returning useful scientific data. During the 
first month of operation, a rare, transient x-ray 
nova was observed along with other sources in the 
scanned regions. Within days this previously un- 
seen source became one c»f the brightest objects in 
the x«-ray sky. HI?AO Ts observations' are being 
analyzed by the investigatprs and several scientific 
papers have already been submitted for publica - 
tion. Yhe spacecraft spent the first three months in 



orbit in a celestial scanning mode, rotating slowly 
and mapping the sky for x-niy and low'-cncrgy 
gamma-ray sources; the next flirec months would 
be devoted lo pinpoint observations of scientific- 
ally interesting x-ray sources. The four experi- 
ments, developed by six universities and Federal 
agencies, provide complementary data on the de- 
tected sources in jtcrms of lbcaiion, spectra, and 
lime variations. 

fipace Telescope. After several years of>study and 
refinement, the Space Telescope was approved as 
a rfew start in NASA's FY 1978 budget. lu is con- 
ceived as a long-term program that will provide a 
.. capability in astronomy not achievable by any cur- 
./YentT or foreseeable ground-based telescope. The 
Space Telescope is a high-resolution, 2.4-mcier in- 

* strumcnt which, when placed in orbit in late 198.1. 
will f>c able to observe objects at much greater dis- 
tances in the Universe than can be reached by any 
ground-based telescope. It will differ from other 

'unmanned satellites in that its design will permit 
in-orbit maintenance and repair by astronauts or 
pick-up by the Space Shuttle and return to Earth 
for refurbishment and relaunch. Any of the focal- 
plane instruments can ^c^yplaccd in either of 
these situations, encoiuaygrn^ fipdatirig of the in- 
strumentation and" the; broadest use of Uie Space 
■ Telescope to meet scientific requirements arising 
over its lifetime, 'which is expected to exceed a 
decade. ^ 

Contractors have been selected and contracts 
awarded for the detailed design and fabrication of 
the telescope and supporting systems. The first set 
of focal-plane instruments has been selected from 
among -the proposals submitted by th& scientific 
community.^ The European Space Agency has 
agreed to participate in the program by providing 
one of. the scientific instruments— tjje Faint 'Object 
camera— as well as the solar array^ that Will power 
the telescope system and personnel to man science 
operations. 

Explorer 'Satellites. Explorer satellites are rela- 
tively Ion-cos^ pay loads designed td explore new 
fields of scientific research, some of them targets 
of opportunity generated by inconclusive data 
from other satellites. In January 1978 the Interna- 
tional* Ultraviolet Explorer will be launched into 
a modified geosynchronous orbit to provide data 
on sources emitting energy in the ultraviolet por- 
tion of the spectrum; it will be very important in 
designing instruments and operational techniques 
for thej Space Telescope. The IUE is another in- 

* ternational space venture; the United Kingdom 
oand the European Space Agency are contributing 

essential hardware and the operations and satellite 
observations will be conducted from one ground 
station in the U.S. and another in Europe. The 



geosynchronous orbit will enable observations, hy 
guest observers at each of the ground stations in 
a manner similar to that in ground-based optical 
observatories. * 

Another international Explorer, the Infrared 
Astronomical Satellite, was begun in 1977 for 
launch in 1981. Th> U.S., the Netherlands, and the 
United. Kingdom* have designed this satellite to 
survey the infrared sky with a "first of in Kind" 
cryogenically cooled telescope and focal-plane de- 
• tectors. It should open up the infrared sky as did 
earlier Explorers in the x-ray part of the electro- 
magnetic spectrum. 

Of other Explorers designed to study select por- 
tions of the Universe one that is still operating 
successfully is the Small Astronomy Observatory 3, 
which continues to provide unique data on Recent- 
ly discovered x-ray burst sources. Anf Explorer in 
the advanced study stage is the Cosmic Background 
Explorer, which could provide, the first careful ex- 
amination of radiation believed to be left over 
from the earliest stages of the expansion of the 
Uni verse. 

Orbiting>Astronomical Observatories. OAO 3, 
named Copernicus, is still operating successfully. 
The unanticipated long life of this satellite has 
provided a rich scientific harvest, with more than 
200 scientific papers published in the field of ultra- 
violet astronomy. 

Suborbital Vehicles. Sounding rockets, balloons, 
and aircraft continued to make their contributions 
to the development of technology and to the >cl- 
vancement of science. For example, one NASA 
sounding rocket flight, building on earlier observa- 
tions, .offered new insights into the nature of 
i quasar*; also it indirectly suggested that the Uni- 
verse is finite in size. In the NASA bafloon pro- 
gram^ one flight carried* aloft the prototype of a . 
n$w, highly efficient cosmic ray detector. The air- 
borne astronomy program has already been men- 
tioned with thq< Kuiper Airborne Observatory con- 
firming the discovery of rings around the planet 
Uranus. • 



Study of Life Sciences 

t U.S. Experiments on Soviet Spacecraft, Cosmos 
836 flew 7 U.S. biological experiments. The 19-day 
flight ended on August 22, 1977, and the U.S. ex- 
periments were received at NASA's Ames Research 
Center on September 25, 1977. Experiments- in- 
cluded investigations with laboratory rats on the 
effects of weightlessness and' normal* gravity on the 
life span of red blood cells, on liver enzyme ac- 
tivity, on bone growth, and on muscle changes; as 
well as on dosages from high-energy particles and 



investigation by electron microscope of the genetics 
and aging of* fruit flies in zero gravity. 

* Space Transportation 

All operations in space, manned or unmanned, 
depend on sorn^ means of space transportation 
Since the beginning of the space age, transporta- 
tion has involved' expensive, expendable launch 
vehicles. For six years a new Space Transportation 
System has been in stages of design, development, 
and testing. Pacing this effort is the Space Shuttle, 
which, for the first time i^n the brief history of space 
exploration will be a space vehicle that is recover- 
able and reusable. The Space Shuttle is augmented 
by other components, developed and funded by 
other organizations: Spacelab, by the European 
Space Agency; the Inertial Upper Stage, by the 
Department of Defense; the s Spinning Upper 
Stages, by private industry. \ 



Sfiace Shuttle 

The Space Shuttle is the keystone of the Space 
Transportation System, which wjjl Begin providing 
frequent access to low Earth orbit in the 1980s. The 
.. world's first reusable spacecraft, the Shuttle Will 
offer cost savings and unique mission capabilities. 
Satellites can be serviced or repaired in orbit, or 
. returned to Earth for refurbishment; scientific 
laboratories can be orbited and returned to Earth 
for examination. A crew of as many as seven per- 
sons can orbit in the Shuttle, exposed to much 
lower acceleration than on previous manned space 
systems, and can work in shirtsleeves ^in normal 
atmospheric pressure. Journey, into space, for both 
people and pa^oads, should become routine, and 
eliminate^the need for costly expendable launch 
vehicles. " * 

Development of the Shuttle is now far advanced, 
on schedule for the start of the orbital flight tests 
in 1979. Major . milestones achieved in 1977 in- 
cluded successful completion of the approach and 
landing flight tests, the first firing of the solid 
rocket motor, delivery of the first external fuel 
tank, and firing of the main engine for over five 
minutes $t the rated power level. 

Shuttle Orbiter. The orbiter's approach atid 
landing tests were conducted at ^Dryden Flight 
Research Center, California^ Captive flights atop 
747 carrier aircraft were conducted first and fol- 
lowed by free flights and landings of the orbiter, 
verifying its aerodynamic flight characteristics. This 
first orbiter, named the Enterprise, will be flown 
on the 747. to Marshall Space Flight Center in 
Alabama for use in full-scale vibration testing. The 
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second orbitcr, which will be the first one to orbit 
the Earth, is now being assembled at the Rock- 
. well- International Space Division plain in Palm- 
dale, California. After a final checkout, it will be 
ferried atop "the 7'17 in laic 1978 10 the Kennedy 
Space Center, Florida, to prepare .for the orbital 
flight tests in 1979. j 

The orl)itcr main propulsion test structure was 
completed in June 1977 and shipped to the Na- 
tional Space Technology Laboratory 'in Missis- 
sippi. It will be joined to an external fuel tank 
and three main engines for the main propulsion 
test. Also a structural-test version of the orbitcr is 
now being completed at Pahndale. It will be moved 
to Lockheed's Pa Inula lc plant for full-scale struc- 
tural tests in 1978. Problems; with avionics soft- 
ware and production of the external tiles provid- 
ing thermal protection have largely been solved. . 

Main Engine. Three main engines arc clustered 
to the aft section of the . orbiter. They are the 
major technological advance-over previous systems; 
as such, they have had technical - problems. The 
basic requirement for a vcry-long-Ufetiinc reusable 
engine was a new frontier for rocket engines; to 
this was added a rccpiircnicnt for a large increase 
in operating pressure to provide a 'substantially 
higher thrnst-to-,weight ratio than existed in previ- 
ous systems. The main cnginJ* problems arc mostly 
in the high-pressure turbo machinery. Many prob- 
lems have been resolved aiulj testing continues. All 
components -'have now been tested at the rated 
power lcv/cl and all except the flight nozzle have 
been taken to the full power level (109 percent of 
rated power) . Despite some delays, engine tests 
have accumulated over 13,000 seconds of test time; 
accelerated testing is planned for 1978. allowing 
NASA to move with confidence into orbital flight 
tests, in 1979. 

External ITank. This tank will contain in sepa- 
rate compartments the liquid hydrogen fuel and 
the liquid oxygen that drive the main engines. 
Since this is the one expendable component of the 
Space Shuttle, manufacturing and -assembly of the 
tank have emphasized standard, low-cost tech- 
niques. The first tank, assembled by the Martin' 
Marietta Corporation at NASA's Michoud Asscin- ' 
bly Facility in. Louisiana, was completed and 
shipped to the National Space Technology Labor- 
atjjpy in September 1977 for use in the main pro- 
pulsion tests. Deliveries of structural test versions 
of the liquid-hydrogen and liquid-oxygen tanks will 
be completed early in 1978; a ground vibration 
test article will also 1 x Hivercd early in 1978 for 
use in the full-scale d ground vibration test 

program. 

Solid foockel Booster. The first test firings of the 
solid-rocket booster .were in July .1977 and were 



performed on schedule by the Thiokol Corpora- 
tion at Wasatch, Utah. Drop tests of the booster's 
recovery parachutes were also performed, and de- 
velopment of other systems proceeded on schedule. 

Launch and Landing Facilities. .Construction pi 
launch and landing facilities at the Kennedy Space 
Center is on schedule. Facilities needed for the 
orbital flight tests include the orbitcr landing fa- 
cility; mate clem ate device; orbitcr processing fa- 
cilities; hypergolic maintenance; booster retrieval, 
disassembly, and parachute facility; and modifica- 
tions to the Vehicle Assembly Building. Launch 
Pad 39 A, and the mobile launcher. The computer- 
ized launch processing system is largely complete 
and ground-support equipment is being installed. 
Construction has begun cm the second line of 
ground processing stations needed for the Shuttle 
operational phase. • * 

Spacelab. Spatiflftb is an orbital facility earned 
within the carc^Hay of the Shuttle; its flexible 
components offG^i pressurized, shirt-sleeve labora- 
tory (the module) , an unprcssjirized platform ex- 
posed to the space environment (the pallet)! and 
standardized support services. Designed to be used 
50 times over 10 . years, each Spacelab can act. as 
a short-stay space station that can remain in orbit 
for 30 days, though the normal mission lasts 7 days. 
Experiments can be operated by as many as four 
pay load specialists: the intent v is to provide ready 
access to' space fo> a variety of experimenters in 
many fields and from many nations. Pay load 
weights will range from v>yQQ to 9100 kilograms. 

The F.inopean Space Agency (ESA) , in its agree- 
ment uith N ASA, is responsible for tjie design, de- 
velopment, and manufacture of the first flight*nnit. 
an engineering model, two sets. of ground-support 
equipment, and initial spares. The costs^to ESA 
arc now estimated at about §575 million. NASA 
is responsible for operations and development of 
connective items, such as the tunnel between the 
Spacelab and the cabin of the Shuttle. NASA plans 
to buy at least one production unit of Spacelab 
jfi-bm ESA. 

In 197<7 Spacelab moved past the halfway point 
.in approved design's of components and systems, 
with the remainder expected to be ready for the 
overall critical design review in February * 1978. 
Manufacture of many components for the first 
flight unit has begun. Developmental tests are pro- 
ceeding well for all subsystems, with integration 
begun in April 1977. With assembly and test 
of the engineering model under way, delivery to 
NASA is scheduled in mid- 1979. The first flight 
unit is scheduled to arrive at NASA in two incre- 
ments, one in late 1979 and the otjier in early 
1980. The first Shuttle mission that includes Space- 
lab is -scheduled for December 1980. 
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- In fulfilling NASA's obligation for operational 
support of the Spacelab, a contract was let in 
March 1977 for Spacelab integration. The contract 
provides for the design, development, and fabrica- 
tion of most of the Spacelab equipment that NASA 
is responsible for/ plus the system engineering and 
integration needed to provide an operational capa- 
bility foF*§pacelab. Also, in September 1977 NASA 
began work to modify the Operations and Check 
out building at the Kennedy Space Center so that 
it can support preparations for launch of Space- 
lab hardware. Construction shpuld be completed 
in September 1978. 

Inertial Upper Stage. The Inertial Upper Stage 
(IUS) (formerly the Interim Upper Stage) is de- 
signed to take Shuttle payloads out of'low-Earth 
orbit and place them into orbits beyond the per- 
formance curve of the Space Shuttle. The solid- 
propellant IUS, with payload attached, will be 
carried into orbit in the cargo bay of the Shuttle 
orbiter, deployed, and the motor ignited. Two- 
and three-stage versions of the IUS will be avail- 
able. Under developnrent by DoD, the IUS will be 
used by both DoD and NASA, with NASA use 
confined primarily to missions requiring geosyn- 
chronous or planetary orbits. Validation is es- 
sentially completed, and fiUl-scale development is 
expected to begin in« the first quarter of 1978. 
working toward an operational date in 1980. 

Spinning Solid Upper Stages. Complementary to 
the IUS, the spin-stabilized splid-propcllant stage 
will be used to inject payloads into geosynchronous 
orbits that are beyond the capability of the orbiter 
but call for less energy than that of the Inertial 
Upper Stage. Designed primarily for the small com- 
amercial payload, ib will be carried into orbit by 
the orbiter,^ spun up, and then deployed before^ 
ignition. The^inliMmt simplicity of spin stabili/a 
tion and solid propellant motor will make, for 
easy, economical transition to the Space Shuttle 
of payloads now using expendable launch vehicles. 
Two configurations are being developed by private 
industry at no cost to the government: one in the' 
Delta vehicle class, the o^her in the Centaur class. 
As many as four of the former or two of the latter 
ran be accommqflated in one Shuttle flight. Firsi 
fl^ht if planned for 1980. 

Space Transportation System Operations. The 
Space Transportation System (STS) , consisting of 
the Space Shuttle, Spacelab, and an upper stage, is 
intended tQ provide routine, less, expensive access 
to space for a wide variety of payloads, including 
those accompanied by their scientist operators. 
With the Space Transportation System scheduled 
to be in operation by 1980, the organizational 
structure, development of the ground-support . 



equipment, and the operational planning are al- 
most complete. 

In addition to planning NASA and DoD. mis- 
sions, NASA has been negotiating launch agree- 
ments with such domestic and foreign commercial 
organizations as Comsat, Western Union, and 
Telesat/Canada to launch communications satel- 
lites. With these commitments and the govern- 
ments own requirements, cargo manifests have 
been developed for the first few years of Shuttle 
operations.- Shuttle flights arc now fully booked 
for 1980-1981. ■■ " 

There has been an intensive preparation for op- 
erational flights, scheduled to begin in mid-1980. 
A user's handbook has been published; user charge 
policies have been issued, establishing firm fixed 
prices for. DoD, civilian U S. government, and com- 
mercial users, including price lists for both stand- 
ard and optional services. All users are guaranteed 
a firm fixed price during the early years of STS op* 
^ration, subject only to adjustments for inflation. 
The objective is to encourage maximum^use of the 
system by all classes of users while ensuring that 
NASA recovers operating costs over a reasonable 
period of time. Within that framework, special dis- 
counts are offered users who are willing to share 
flights or to fly oVi a "standby" basis. DoD will be 
charged less because therfc will be an exchange of 
launch and support services between the NASA 
facility at Kennedy Space Center and the Air Force 
facility at Vandenberg Air Force Base in California. 

Acting within the bilateral agreement signed in 
May 1977 by the U.S. and U.S.S.R. continuing 
space cooperation for another .five years, NASA 
representatives met in Moscow in November with 
Soviet technical people 'to examine experiments 
^that might fit the format of a long-duration 
niission^featuringthe U.S. Space Shuttle and the / 
Soviet Salyut space station. Representatives of the * 
two nations were to meet three more times in 1978 
(in April, July, and October) to complete the' 
evaluation of experiments and to develop <a pro- 
gram to^be recommended to their governments for 
consideration. 

Particularly encouraging has been the enthu- , 
siastic response from American industry, educa> ' 
tional institutions, and private individuals in re- 
sponse, to NASA's offer to' fly small, self-contained 
payloads on a 'space available basis for §10,000 or* 
less. By the end of 1977^ttvance payments for more 
than 150 payloads had been received from industry, 
educational institutions, and individuals specifying 
their intentions to fly experiments on the Shuttle., 
It is hoped that many of these, experiments will 
contain innovative ideas from small businesses and 
individual researchers who for the first time will 
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have the chance to test their ideas in the space en- 
vironment at a cost they can afford.' 

Operations planning kept pace with the tech- 
nical developments— technical and business man- 
agement, procedures ,for integrated operations, and 
crew ' training. Since NASA's astrjonaut corps was 
not large enough to cope with the projected num- 
ber of yearly Shuttle flights, NASA solicited applica- 
tions for additional flight crew positions, including 
the new mission specialist categories. More than 
20,000 persons requested forms and more than 8000 
applications were received and processed for final 
selection in 1978. 

Sfoace Shuttle Life Science. A high-fidelity mock- 
up of the Space Shuttle/Spacelab combination was 
the scene of a demonstration test, conducted as a 
seven-day, single-shift Shuttle flight. The three- 
man crew performed 26 life-science experiments 
and 12 operational tests. Animals were used ex- 
tensively in the tests. The crew, consisting of a 
-mission specialist and two payload specialists, re- - 
mained isolated in the mockup for th^entire test, 
supported by "ground" flight control and payload 
operations staff* Six developmental fliglu labora- 
tory items, produced and made available tor this 
test, provided environmental control, waste man- 
agement, "animal handling, and feeding devices. 

The first model* of a new, higher pressure space- 
suit for astronaut use outside the Shuttle is now 
undergoing tests within NASA. Designed. to afford 
greater mobility and to cost less to make, it offers 
adjustments in size for fitting of most/people by 
modorar selection of arms, legs, and torsos. 
. Preparing for Space Shuttle operations, NASA 
developed medical standards tailored to the indi- 
vidual crew and passenger responsibilities. Space 
medical standards /for* selection of Astronauts 
(Clas.jil) fl Aslromut iWissjbn, Specialists . ((21^,11) f ■■' 
. and Payload .l^eciai^st^/'Pys^ngers (Class -II IJi were / : 
<pubjisr^ed. T^esc^tekjli e . fhkat *cp h ci s£i arid tip-to- t \ 



Delta. The most used of the vehicle systems, 



Expendable liatinob^ ehicltis % " V , ' 

During . T9$7 th$ & 
continued no^provicle tfansp^&j^ 'av 
variety of users, though m^ri^^Tw^n $ 
failures, of which 1 had parfti^^ 
satellite' in elliptical rather, thsri synchronous, or- 
bit.* Of the total of 16 launches in the year, 12 
were for the several categories of customers who 
reimburse NASA for the cost of the Jaunch vehicle 
and the support and launch' services. 
• Scout. The single launch of this vehicle system 
was of a Navy navigation satellite in October from 
the Western Test Range, California. 



Deltii had 10 launches this year, 8 of them success- 
ful: communications satellites for NATO, Japan, 
and Indonesia; a research communications satellite 
for I-taly; a meteorological satellite for Japan and 
one for NOA'A; three satellites for the European 
Space \Agency; and a NASA scientific Explorer 
satellite. Of the two failures, the first was in April 
during the launch of the European Space Agency's 
GEOS n\ission, when the separation device betweeu 
the second and third stages of the, launch vehicle 
failed. This prevented the satellite from attaining 
synchronous orbit; it did go into a highfy ellipti- 
cal orbit,' from which it is meeting about 70 percent 
of its mission objectives. After an investigation and 
corrective actions, the next tlyfcc launches were 
successes. / 

The second Delta failure occur* 3I on .September 
13, 1977, during another European Space Agency 
launch, this time an Orbital Test Satellite expert. 

• mental communications satellite on a Delta 3914- 
t series vehicle. The Delta had a catastrophic failure, 
exploding approximately 54 seconds after launch. 
The review board's investigation indicated that the 
probable cause was failure of one of the Castor 
IV strap-on solid motors. Since then, Deltas using 
smaller dastor II solid motors were given clearance 
to launch the NASA-European Space Agency sci- 
entific explorers ISEE-A and B, a European Space 
Agency meteorological satellite, and a communica- 
tions satellite for japan. - . 

Atlas-Centaur. Three launches used Atlas- 

* Centaur vehicles: two Intelsat .communications 
satellites for the Cdmsat Corporation and a NASA 
scientific high-energy • astronomy satellite (HEAO 
1). On one'of the Intelsat launches, conducted in 
September;' the booster failed approximately ,54 

-seconds after launch, causing the vehicle to tumble, 
"the Atlas, stage tp» explode just after separation 
■ from, the Cemaur sf|g^ and .the Centaur stage to 
LpeS^tes^r^yed^'j^'tl^e range safety officer. Probable 
■causfe of failure \ya's a ruptured line in the hot gas 
' generator that Vj drtves the turbopumps on the two 
/Atlas outboard booster engines. This caused a' fire 
fSi the engine.section. 

1 y \ - Titan Ill-Centaur. The largest of the vehicle 
^systems successfully launched Voyager 1 and 2 on 
two boosters in August and September. These were 
the last missions now scheduled to be launched by 
this vehicle combination. w 

Advanced Studies J 

NASA continued to conduct advanced studies oil 
the feasibility and trade-offs between various new 
projects^, or program extensions, to provide both 
fo£us to long-range planning and a data base for 
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informed decision making. A major study looked 
at extended-duration missions of the Shuttle with 
Spacelab. Options which appeared feasible were: 

• an evolutionary approach to large-scale space 
operations in which capabilities being devel- 
oped in the Space Transportation System 
could be augmented by a small electric-power 
module (25 kilowatts) to supplement the 
Shuttle s power system. Later tjiis module could 
be increased in size so that the Shuttle could 
support communications, materials processing, 
and assembly of large structures in oYbit, lead- 
ing eventually to a space construction base. 
Approaches were defined for fabricating and 
assembling large structures in space, for de- 
veloping orbital operations, and for deploying 
large antennas. Also included was a study of. 
reboosting and reusing Skylab, tfie space sta- 
tion that has been in orbit since 1973. 
/• future Space Transportation System ^require- 
ments through the year 2000'includecp*a capa- 
bility for orbit transfer vrell in exceSs of what 
the Inertial Upper Stage could provide. For - 
example, extending manned flight to geo- 
synchronous orbit would call for a large orbit- 
transfer vehicle with'payload capability from 
5 to 10 times that of the Inertial Upper Stage. 
For unmanned cargo 'transfer, solar-electric ion 
propulsion was investigated. 

For long-range planning purposes, an analysis is 
underway to set feasible goals and determine tech- 
nology needs for future commercial use of the space 
environment, with emphasis on worthwhile objec- 
tives for space industrialization. 

o 

Space Research and Technology 

NASA's work in space research and technology 
provides advanced technology for future space 
missions. The'principal areas of study include ma- 
terials and structures; guidance, control, and in- 
formation systems; space propulsion systems; and 
space energy systems' Although intended for use 
in space, some of the technology has applications 
on Earth as well. 

Materials and Structures 

Research in materials and structures provides 
technology advances for reliable/ long-life, light- 
weight structural materials for building sjiacecraft 
and large orbiting space structures. These advances 
could save operational costs and increase payloacl 
capability for future space missions. 

Materials. In ' thermal protection for 're-entry 
spacecraft, a reusable insulation material has been 



26 



developed with improved strength, wear, and im- 
pact resistance. This material was selected for use 
t on the Space Shuttle fori those areas subject to 
wear, such as around doors and ports. 
>^Arrfew thermal control coating was developed in 
1977. Kniown as "second surface mirror," the coat- 
ing has a" diffuse surface which, by eliminating 
glare, prevents secondary thermal buildup and im- 
proves temperature ^ontrgl; it also saves weight 
over previous materials used. Because of these ad- 
vantages, it was select^ for use on the thermal 
control radiators £u^jjie Space Shuttle* which are 
located inside the payload-bay doors. This type of 
coating will find many uses in spacecraft of, the 
future. 

Structures. As part of an effort to save weight jn 
future space systems, composite structures made of* 
a graphite-poly imide combination are being de- 
veloped that can withstand temperatures- 150°C 
* higher than existing composites* During 1977, four 
polyimide materials were identified as having po- 
tential for use as structural materials at a tempera- 
ture of 315°C for as many as 500 re-entry cycles. 
Techniques for fabricating * structure^ made' of 
these materials are being developed -so that a typi- 
cal control surface can be. constructed and tested'! 
if it verifies the predictions of structural integrity, 
the reduction in weight is estimated ..to be 28 
percent. 

Guidance, Control, and\nformation Systems 

NASA's work in guidance, control, and informa- 
tion systems in f977 was designed ta develop a 
technology^base that would permit a 1000-fold in-* 
crease in availability to the user of space-derived 
information, and reduce by an order of magnitude 
the cost of mission operations by stepping up the 
level of autonomous operations in spacecraft! 
systems. f f • \ 

Sensing and Detection. The first linear charge-' 
coupled sensor array that can image in the near : 
infrared region t>i the spectrum has been designed 
for remote sensing of- Earth's and other planets' en- 
vironments. T*he device achieves signal processing 
' in real time directly on the same chip as the 
imager and significantly reduces weight and size 
as well as power needs. 

Guidance and Control. Pursuing , the cost ad- 
vantages of increased autortfation, NASA this year 
Completed demonstration of a robot that combines 
and coordinates the functions of vis'ion, locomo- 
tion, and manipulation. The speed at which this 
robot can process TV images was increased by more / 
than an order of magnitude with improved com- / 
puter techniques and the design of a unique visual 
memory system. 
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\ Data Reduction ami Distribution. Work 1 con- 
tinued on the improvement of software tools and 
tefchniq ues that interface user so ft wait programs 
and x applications computers. A bicadl)\a*fl for a N - 
com^ler writer system that can translated user's 
program into proven machine software in near-real 
time \v\is developed this year. When operational, 
this systfcm promises to reduce the cost of tr.1n.sla- .' 

> lion significantly. 



Space Pr optics ion Systems 

NASA's wo^rk in space propulsion seeks to ad- 
vance liquid, solid, and heat-electric propulsion so 
thiit future EaVth-orhital missions and planetary 
explorations cai\ have increased performance at 
v reduced costs. 4 \ ' 
. Liquid Pntpululw. Testing of components for a' 
small, reusable, high-performance Engine burning 
oxygen and hydrogen-designed for use in future 
/reusable orbital-transfer vehicles— was - a notable 
w r milestone in 1977. A thrust-chamber assembly, with 
; a 400-to-l nozzle* area ra-tio, was successfully tested 
under simulated .vacuum conditions. The -specific 
impulse measured 478 seconds, the highest known 
Value ever recorded for these propcllants. 

Solid Propulsion. Significant progress was made 
in demonstrating ,heat-stcrilizablc propellants for 
solid rocket motors that could launch payloads 
from the surface of' planets. Propel lant charges as 
large a\7l centimeters in diameter (260 kilograms 
of propcllantj survived die Viking sterilization re- 
quirement 0^6 cycles ot 54 hours each at 135°C. 
This\ capability is being extended to larger, diam- 
eter" motors. a • i "s 
. Electric Propujrfwn. Substantial progress oc- 
curred in the development of ion tlirusters for 
both Iow r encrgy-level applications-such *as sta- 
tion-keeping of geosynchronous satellites— and the 
higher 'energy levels of primary propulsion for 
planetary exploration. The station-keeper version— 
4.5 millinewtons of thrust— successfully completed 
,a 10-cycle thermal .vacuum test and an accelerated- 
cycle life test (5000 eyefe). The primary ion 
. thruster (130 millinewtons of-chrust) is targeted 
to a FY 1980 technology readiness standard to be 
applied to planetary exploration. One element is 
the ^development of the power processing systems 
that take raw power coming from the solar arrays 
and convert it into the currents and voltages 
needed to run the ion tlirusters. Development ver- 
sions of these power processors have been fabri- 
cated and tested. 

Space Energy Systems . 

* 7 

NASA's research in spa.ee energy systems im- 
proves the longevity and efficiency of energy sys- 



terns and tries to reduce Itheir cost. The associated 
technology tries to meet the growing need for 
.energy in space, with some spin-of^ for applications 
on Earth. 

Solar Cells and Arrays. Solar cell technology 
achieved a major advance in 1977 with pilot pro- 
duction of a solar cell five times thinner and lighter 
than those now in use in space. Secondary benefits 
from these thin solar cells arc reduced .fragility and 
the potential for lower cost since less silicon ma- 
terial is needed. As for solar arrays, a large step 
toward ^demonstrating the feasibility of lightweight 
solar arrays was the successful zero-g testing, using 
a KC-135 aircraft, of the root section of a 66-watt- 
pcr-kilogram solar array. 

- Chemical Energy Conversion and Storage. A 
, silv { cr-hydrogcn battery, a blend of the technologies 
" of the silver-zinc battery and the* hydrogen-oxygen 
fuel cell, has completed testing in simulated gco ; 
synchronous orbit. This prototype represents a po- 
tential for halving battery weight. 

Having demonstrated the basic com pa lability of 
the reactants-hydrogen and- oxygen— in this new 
role, the technology offers promise that, since the 
same rcactants arc being used both for propulsion 
and power, the weight sayings from elimination of 
redundant tankage and reserve fuel can be 
significant; 

• Thermal-to-Eleetrie Conversion. Under a jc^int 
program wuh the Department of Energy, NASA 
has developed and delivered rotating units and 
recuperators for a 500-2000-watt Brayton power sys- 
tem powered by radioiostopc. Longevity of the ro- 
tating machinery has been the major technical 
limitation of Brayton conversion systems. In ad- 
dressing this concern, a larger (10 kilowatt) Bray-, 
ton unit has logged over 30,000 hours of endurance 
testing and will continue toward a goal of,50J)00<. 
hours. * ' j • r 



Tracking and Data Acquisition ^ 

Tracking and data acquisition represent the cru- 
cial links that return data to Earth -for \analysis 
and exploitation. These activities iqcludc tracking 
space vehicles for position and trajectory, receiving 
and processing science and engineering telemetry, 
transmitting commands to automated spacecraft, 
providing' voice communications for manned 
ssion. r V. / 

The bulk of those; services arc provided by thcV 
facilities of NASA's two worldwide tracking net-} 
works. The Spaceflight Tracking and Data .Net- 
work is specialized to support all Earth-orbital 
missions. The Deep Space Network is designed and 
engineered to support planetary and interplanetary 
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missions at great distances * from Earth. A NASA 
Communications System, employing a variety of 
communications links from simple land telephone 
lines to/satellite relays, connects 'these facilities to 
provide instantaneous information (low between 
the spacecraft, the ground stations, and the project 
control centers. % 

Operational Activities 

Throughout thc\year the networks continued to 
support more than 50 Earth-orbital spacecraft and 
some 14 interplanetary missions. "This includes 
. tracking and telemetry launch support that was 
provided , to other government* agencies, to com- 
Ymercial owners, and to a host of international co- 
-operative and foreign missions, on a reimbursable 
basis. Sometimes post-launch support was provided 
* as well: . ' 

Support of the International Community 

In 1977 telemetry and tracking support were ' 
provided to the European Space Agency's Meteosat 
weather spacecraft, several Japanese weather and 
communications satellites, and the ^Italian Sirio 
mission. Post-launch support normally involves 
maneuvering the spacecraft from its initial orbit 
into geosynchronous orbit and drifting the satellite 
to the desired geostationary position once in syn- 
chronous orbit. Then operational control is re- 
turned t5 the owner in a series of graduated steps 
for a smooth transition of the control, function with 
little risk to;icontinuing operational reliability. 

Network Progress 

Data Processing/Irnpro'verntrds.s At the Goddard 
Space Flight Center, important improvements were 
hiade in 1977 to the large-scale, common-purpose 
data processing facilities and the mission control 
centers tfor automated Eartrf-orbital spacecraft. A* 
new telemetry processing system eliminates tape 
recording of-data received at each station; data 
now erfVer a mass storage system directly from, 
communications 'lines. This eliminates the delay 
for recording _aiid the dfcfay involved in shipping 
the tapes from the stations to the control center. 
Also the data are cataloged automatically as they 
are stored, avoiding another tape recording. With 
these improvements, muc£ greater volumes of data 
can be processed and delivery of data to the experi- 
menter is quicker. 

Control Center Improvements. Amicw capability 
in mission control wilU take effect early' in 1978 
when the control room/or the International Ultra- 
violet' Explorer is activated. For the first time the 
participating scientist will be able ^manipulate 



a spacebornc telescope just as if 'he were in a 
ground observatory. Now undergoing test and 
checkout, this unique facility enables the investi- 
gator to select the star he wishes to observe; a 
computer complex will generate commands, relay 
them to the spacecraft through the ground sta- 
tions, and point the telescope to the desired star, 
all automatically! Not only is this popular with 
(he scientist, but with Hiin/Tba the control loop, 
rapid, flexible response is possible when* confronted 
with unexpected results or brief phenomena. 

Deep Space Network Improvement. Capabilities 
of the Deep Space" Network were improved by the 
completion of a number tf[ modifications that re- 
duced the noise generated by the antenna systems 
themselves. Antennas must be extremely sensitive 
to pick up spacecraft transmissions from ihnndreds r 
of millions of , miles away. In this situation the 
noise generated by the antennas themselves is a 
major component of the interference that must be 
overcome if we are to communicate with distant 
spacecraft and navigate them across vast distances. 
In addition the conversion of the 26-meter anten- 
nas to x-band frequencies began in 1977. X-band 
will enable satellites to transmit data 'at higher 
rates— and therefore return more —than they 
can on S-band. The ' first of these ^ u a 1- frequency 
antennas will be ready by late 1978 to assist in the 
simultaneous handling of the Pioneer Venus mis- 
sion and the Jupiter encounters of the Voyager 
spacecraft. 

NASAEnergy Programs 

'NASA support of research and development in 
the field of energ^ includes reimbursed support to 
the Deparrrn^nt of Energy and other agencies, and - 
definition and understanding of wa^s in which 
space technology may be used to help 4 solve energy 
needs on Earth. The reimbursed activity in 1977 
amounted' to nearly $100 million and 400 equiva- 
lent man-years of effort^rom several NASA centers. 
The definition activity was largely v funded by 
NASA. % ' ' 

Solar Heating and £p*$ng '. 

NASA contributes to the development of sys- 
tems for the National Solar Heating and Cooling 
Program and provides contract management and 
technical support for the commercial demonstra- 
tion part of that program. NASA also participates 
in a joint program with the Department of Energy 
to install solar equipment on buildings in NASA 
centers. 



Improved solar heating components and systems 
are now being integrated into 45 operational test 
sites throughoilt the U.S. to test capabilities and 
performance in a wide variety of climatic zones. 
Seventeen of the 45 systems were*kompJeted in 1977. 

Prototypes of advanced cooling systems are being 
tested at three locations. These systems are a major 
step toward cost-effective solar cooling of. single- 
faniily residences. The fin* of these Rankirie- 
cycle systems will be instal^d in a test building by 
mid-1978. Also, 10 buiidijags at 6 NASA centers 
,in California, Texas, ^liffiarna, Florida, and Vir- 
ginia will be equipped with solar heating systems 
by mid- 1978. ^ . 

r~ •• 

\V ind Turbilie Generators ^ 

The 100-kilowatt wind turbine (MOD.-O), dedi- 
# cated two fears ago at NASA's Plum Brbok Station 
'near Sandusky, Ohio, has undergone Extensive 
testing. Early technical difficulties were overcome 
in 1977 and the machine now operates automati- 
cally, delivering powfcr to the&cal utility company 
whenever the wind exceeds If^ilometers per hour. 

Another machine, similar but rated at 200 kilo- 
watts, will begin operatfoh at Clayton, New Mex- 
ico, early in 1978. Two mo* of this model will be 
installed next year at Culebra, Puerto Rico, and 
Block: Island, Rhode Island. Design and construc- 
tion of two much larger machines was begun in 
1.977. ' * 



Pbotovoltaics (Solar Cells) 



As part of the Department of Energy's National , 
Photovoltaic Conversion* Program, work continued 
^)n the Low-Cost Silicon Solar Array Project ^t 
NASA's Jet Propulsion Laboratory and the Test v 
^and ApplicaUon.s\Project at NASA's Lewls V Re- 
search Laboratory.^tie first project develops tech- 
nologies to reduce the^Vos; and increase the life- 
time of arrtiys. The Lewis project experiments with* 
a variety of applications intended to stimulate near- 
term commercial use. > 

Satellite Power Systems 

A joint study by the Department of Energy and 
NASA is under way, to develop by the end of 19^0 
a first understanding of technical feasibility, eco- 
nomic viability, and 'social and environmental 
acceptability of the Satellite Power Systems con- 
cept. The Department of Energy will manage the 
effort and assess the economic, environmental, and 
social aspects in comparison with other enq^gy 
alternatives. NASA will fociis orrftechnical issues, 
attempting to define the systems to the depth neces- 



•saiy .t^ assess technical feasibility and thereby pro- 
vide a baseline for the studies by the Department 
of Energy. 

^ Aeronautical Research and Technology 

NASA's aeronautical research is aimed at (1) 
» improving the energy efficiency of aircraft. (2) re- 
ducing aircraft none and emission pollution, (3) 
improving aviation \afety and , terminal-area oper- 
ations, (4)* advancing lonj^haul and short-haul air- 
• craft, and (5) providing technical support to the 
military to maintain the performance superiority 
of military aircraft. 

Improving the Energy Efficiency of Aircraft 

The Aircraft Energy Efficiency program, begun 
in 1976, has as its goal the development of new 
technology that can reduce fuel consumption of 
future transport aircraft by up to 50 percent 
ill rough advances in engine systems, aerodynamics 
and active controls, and structures. 

Engine Systems. By improving engine compo- 
nents in current engines, NASA intends not only 
to reduce fuel consumption but to minimize deteri- 
oration of performance in current and future de- 
rivative turbofan engines. During 1977 work was 
begun on redesign of fan blades and improving the 
high-pressure turbine seals; improvements in these 
components could reduce specific fuel consump- 
tion by about 2.5 percent. Research on seal flow 
effectiveness has led to design of a better seal con- 
. figuration to reduce leakage and thereby reduce . 
Kiel consumption $hen the seals are used on com- 
ponents throughout the engine. • M 

Components identified for further development 
in ]97tf include incorporating new materials and 
manufacturing processes^ more efficient cool ing, i: re- 
cluced leakage, improvjec) bearings, ancl innproveci 
Component' aerodynamics. 

NASA also explored in 1977 the technology re- 
quired for a next-generation turbofan engine that 
significantly reduces specific fuel consumption— by • 
approximately 15 percent less than current high- 
bypass-ratio engines. Work has begun on the ad- 
vanced components— fans, compressors, combustors, 
and turbines. 

Aerodynamics and Active Controls. Testing in 
wind tunnels* provided basic data on the aerody- 
namic performance of the supercritical wing for 
potential applications the'design of future trans- 
port aircra^. Over 1000 hottfe in the wind tunnel 
were devoted to testing; the" effects of varying the 
wing aspect ratio, camber and sweep, and the con- 
figuration of the wing control surfaces. Items iden- 
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tified for adch'tionalawind-tunnel ^(estjjig.are wing- 
^lcts, propulsion system intcgratioiiy^nd active con- 
trols for alleviating wing loadingTvVork has begun 
on applying active controls ana aerodynamic im- 
provement, singly or coupled, to future transport 
aircraft.*Baseline flights were begun in 1977 with a 
Lockheed X101 1 \iircrjft equipped with an active 
control system. ■ 3 

Work in laminar flow control has focused on 
achieving a practical wing structure of minimum 
structural wcigfiT by # integrating the flow-suction 
system with tin? primary structure. . Wind-tunnef 
tests of a" full-scale wing model having a 6-metei 
chord and a supercritical cross-section confirmed 
that laminar flow cdpkl be achieved with a wing 
design representative of a future j/ansport aircraft. 
* Research was conducted on the aerodynamic 
problem caused by the buildup of dead insects on 
the leading edge'ctf an ajreraft wing in flight.-The 
results of the flight tests at locations throughout the 
U.S. demonstrated 'diat a water spray on a Teflon- 
coated leading ed£e* of a wing would eliminate 
boundary-layer transition from laminar to turbu- 
lent flow otherwise caused by the layer of insects. 

Structures. So that performance predictions and 
manufacturing processes can be validated', NASA is. 
developing and grQinul- testing six components /of 
existing transport aircraft^ these components Mve 
been made from advanced composite materials up 
to 30 percent lighter than metal. Ten -upper aft 
rudders for the DC-10 were produced from com- 
posite materials in 1977. The second component, 
the vertical fin -on* the L1011 aircraft, completed its 
critical design rev-jew and entered design verifica-- 
tion testing. Experience . to date indicates that, 
when produced; in sufficient quantities, the com- 
posite components will compare favorably in cost 
with tjicir metal counterparts. 

Reducing Undesirable Environmental Effects A * " 

Emissions Reduction. Work on experimental 
clean combustors, seeking to reduce the exhaust 
emissions from large turbine engines during Land- 
ing and takcofF, has been completed. Emission 
levels were significantly below those of conven- 
tional engine combustors and comparable to the 
emission standards set for 1979 by the Environ- 
mental Protection Agency. The experimental data 
are being used by the Environmental Protection 
Agency in evaluating emission-level standards for 
all future engine classes. * 

Work has begun on a program to reduce aircraft 
emission during stratospheric cruise. Concepts for 
fuel preparation and combustors are being sought 
which can reduce emissions of oxides of nitrogen 
at the power settings and ''atmospheric conditions 
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of high-altitude flight. Such a reduction would re- 
duce^thc possibility of destruction of atmospheric 
ozone. Laboratory tests 11 other studies have indi- 
cated that enriching fuel with hydroger during 
fuel preparation is a concept which permits leaner 
fuel/>yr Burning and thus reduti^ the formation 
of oxides of nitrogen. 

tion. One tyj9|e of low-level 
gated is the in verted- velocity- 
profile nozzle. In /this configuration the rfigh veloc- 
ity of the jet oc^mis in the outer region rather than 
at the center as in the conventional bypass exhaust 
systems. Combinations of inverted-relocity-profile 
nozzles ;md advanced multi-element mechanical 
suppressors were tested in wind tunnels in. varying 
arrangements in 1977. Preliminary analysis of the 
data suggests that^such sequences can prove fruit- 
ful in reducing high-velocity jet noise. 

Significant progress was also made in under, 
standing of sound attenuation, propagation, and 
radiation from the engine inlet ducts. A new tech- 
nique was developed which will aid in the rapid, 
efficient design of acoustic liners for ducts. The 
method accurately describes the' far-field .sound 
radiation pattern from ducts with far greater sim- 
plicity than was previously thought possible". *An 
advanced bulk linear Imaterial was demonstrated in 
an iiifegrated^engine Miacelle; it provides high 
acoustic efficiency with savings in weight. 
* In the study of h 11 1^1 an response to aircraft noise, 
a majoifceffort- has been to improve the bases for 
relating laboratory « findings to community re- 
sponses. Several studies to improve the noise dis\^ 
criptor for specific types of aircraft have been com- • 
pleted. Critical aspects of the human stimuli ;in 
helicopter and .supersonic aircraft noise have been 
identified. The.data are being used in the develop- 
ment of natioriah and international noise stand- 
ards. , \< ;' , c '« . . 

In structural acoustics, development was begun 
of improved prediction methods for the transmis- 
sion, absorption, and reflection of noise in air- 
frame materials and structural configurations. Re- 
cent results show that structural weight require- 
ments for noise attenuation may be reduced by as 
much as 50 percent by advanced design techniques. 

Improved Safety and Terminal- Area Operations 

Safety. Aircraft fires/ * either in-flight or post- 
crash, are among the serious threats to occupants 
of aircraft. NASA is exploring several ways of con- 
trolling the propagation and intensity of fires. . 
Through thermochemical ^modeling, NASA re- 
searchers have provided ;i useful analytical tool 
for ' .guiding materials designers in strut turii - 
panels and cabin lineTs in ways that will in- 
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• rjibit flammability, rapid spread of fire, and the 
. amount of smoke and to\:c gas. New materials 
have been developed which offer potential gains in 
resistance to fires. Fire-resistant poryimide foams are 
being examined for possible use in seat cushions, 
one of the main sources of smoke and flame in air- 
craft cabin fires. * 

In a crash, a 'major link between the ignition 
sources— hot parts of the' engine, electrical shorts^ 
friction sparks— and a fire is the fuel-mist cloud; that 
is generated by rupture of fuel tanks and lines 
when' the aircraft crashes. NASA is applying basic 
chemistrv in the study of aircraftjjuel treated with 
small amounts of high-molecular-weight polymer 
additives; test results indicate that these additives 
inhibit the formation of fuel mist in crash situ- 
ations^ 

Aircraft safety can also be improved if the per- 
. sons who work in or use the national aviation sys- 
tem feel responsible and secure in reporting threats 
to safety which they have observed. In an effort ,to 
provide a. buffer between the regulatory agency and 
these individuals, NASA has for the last two years 
•Operated the Aviation<*Safety Reporting System, in 
which complaints are submitted to it, synthesized, 
and worthwhile data are passed on to the Federal 
Aviation Administration* -for appropriate action. 
The system cgritinnes to be well supported by the 
aviation community, with more than 8000 reports 
submitted/ Many of-^e reports have identified im- 
mediate safety problems': over 400 bulletins have 
been forwarded to the Federal Aviation Adminis- 
tration for investigation and corrective action. This 
year the emphasis has been on developing a com- 
puterized data base, from which it will be possible 
to analyze in detail the more pervasive safety prob* 
lems. <,..i. 

Terminal-Area Operations. All-weather use of 
helicopters can be a major factor' in future- trans- 
portation. ^Po^fit them irito the total pattern of ter- 
minal-area operations, helicopters must be equipped 
with flight and navigation instruments that 
will enable therh to fly precisely prescribed flight 
paths to small landing paoY while maintaining the 
required separation from other aircraft in the traffic 
flow in and out of thewtivports. Since helicopters 
have vastly different flight characteristics than 
other aircraft and impose a greater workload on 
pilots, their equipment and operating techniques 
cannot be mere spinoffsjr^m conventional aircraft 
systems. NASA has successfully demonstrated oper- 
ating systems and "piloting techniques for safe 
operation of helicopters in adverse weather and in 
congested terminal areas. These demonstrations in- 
clude some 60 manual approaches to landing, using 
cockpit displays providing the pilot with in/orma- 



jtf ion that enables him to perform complex approach 
trajectories* in low visibility; they also include 30 
fully automatic (hands-off) landings. 

In cooperation with the Federal Aviation Admin- 

1 istration, NASA is developing te&nolpgy for ad- 
vanced airborne systems and flight procedures that 
can improve terminal operations tjirojigh effective 
use of advanced navigation, guidance, and conf^ 
munications systems being developed by the Fed- 
oraT Aviatioiv Administration. One such system is 
the Microwave Landing System, a precision guid- 
ance system designed ^to replace the 35-year-old In- 
strument Landing S ystgl . A 737 aircraft, with dis- 
play, navigation^ and flight control systems repre- 
senting th** first application of all-digital systems to 
conventional transport aircraft, has demonstrated 
Coupled approaches and automatic landings with 
the Microwave Landing System. The purpose of 
these flights was to demonstrate to representatives 
of the Organization of American States the matur- 
ity and integrity of the U.S. Microwave Landing 
System js a candidate for the new international 
precision-guidance landing system. 

~— * 

Advancing Long-Haul ami Shart-Haul Aircraft 

Long-Haul. Several significant advances have 
been made in identifying 'advanced technology for 
supersonic transport that are economically -attrac- 
tive and environmentally acceptable. The standard 
technique fori tailoring the size of^snbsonic trans- 
ports from a basic design to fit other range and 
payload demands was to lengthen or shorter/ the 
fuselage. This approach was found not to apply to 
supersonic transports with their* highly integrated 
and 1 - blended wing/fuselage designs. This year the 
U.S. applied for a patent on a new concept which 
involves ^lateral fuselage^ changes to /provide wider 
or' narrower cr6ss sections for the. cabin area of 
supersonic transports. Also flight research with the 
YF-12 aircraft demonstrated for the first time that 
improved high-speed handling ancl ride qualities 
were achievable with a cooperative control system, 
which integrated "aircraft, inlet, and engine con- 
trols. In ground-based research, structures made of 
superplastically formed titanium were tested, as' 
were low-speed aerodynamic improvements % for 
noise reduction and the verification of coannular- 
nozzle acoustic suppression for concepts of the 
variable-cycle engines. 

Quiet Propulsive-Lift Technology. In August 
1977 the inflight measurements on the Boeing YC- 
14 and the Douglas YC-15 aircraft were completed 
as part of the test and evaluation of the USAF 
Advanced Medium STOL Transport prototype air- 
craft. Now .being compared with analytical esti- 
mates and ground-test data to develop improved 
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design - techniques for future i^nsports, these* 
measurements included therinaJfand acoustic en- 
vironment on the wing flap systems, interior and 
flyover rroise, cnginc-inlct acoustics, and handling 
qualities. .» * 

The Quiet ^Short-Haul Research Aircraft made 
substantial progress in, 1977 with the completion 
% of fah^cation, assembly, and installation ,of the 
n?w |>ropulsive-lift wing, new engine nacelles, and 
fuselage modifications. Scheduled for delivery to 
NASA in 1978,. this aircraft will be used to validate 
in . flight the and Operational technology 

needed by the U.S. aviation industry to develop' 
quiet short-takcoff-and-landing' transports, and by 
Federal regulatory agencies to establish appropriate 
certification standards. 

Technical Support to the Military 

The support by NASA of military programs ad- ' 
vances broad-ba^etl teclfnology for use by the mili- 
tary «n dQyelGjfping future generations of military 
aircraft. # - 

Stall-Spin Research. Investigation of stalls and 
spijps has proceeded for several years because of the 
undesirable departure and spin characteristics of 
modern fighter ajVaft. Losses from spin-related 
accidents have .averaged 70 aircraft and ,38 airmen 
per year. NASA's Tangley Research Center, in co- 
operation with the USAF, has contributed to the 
reversal of this trend through its research in aero- 
dynamics and control systems. The F-15, F- Hi, and 
F-17 aircraft are highly spin-resistant as a resdlt of 
this research. Currently the aerpdynamics and con- 
trol systems of the FrlS are being tailored to pro- 
vide a high degree of resistance to spin. Basic re- 
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search on nose shapes for aircraft is seeking de- 
4 sign data on spin resistance to be used early in 
the design cycle of future fighter .Aircraft. 
Airframe /Propulsion System Interactions. The 
* very large" turbofan engines being used in modern 
"fighter aircraft have caused propulsion aerody- • 
namics to react with the aerodynamics of the ah>\ 
f(j|in£-.for ;i larger effect on performance- than in 
previous designs. NASA has used the F-15. in flight 
tests and models of the aircraft in wind-tunnel 
measurements to provide data for designers of 
future aircraft, enabling 'them to optimize per- 
formance by inclii(lin& the effects of propulsion- 
system aerodynamics in their basic design. 

NASA /Military Flight Programs. The joint 
NASA/Air Force Highly Maneuyerable Aircraft ' 
Technology program has moved to the point where 
the prime contractor has fabricated parts for the 
^o flight vehicles' and is now in final assembly, 
with delivery of the first vehicle planned for early . 
in 1978. The NASA/Air Force Transonic Aircraft /' 
Technology program has been completed and its 
Aita arc available to the industry; showing wind- 
tiinnel-to-fligli^corrclation for supercritical wings. 

NA$A and the Air Force have two -joint heli- 
copter-research programs: the Rotor Systems Re- 
search Aircraft and the Tilt Rotor Research Air-' 
era It, The first of these has completed its initial 
operational checkout (fights and is being readied 
for research flight testing*, using, both the rotor sys- 
tem and wings for lift. The Tilt Rotor Research . 
Aircraft has finished its initial hover flight tests and 
is now in the ground-test program that precedes the 
full-scale wind-tunnel tests and the first transition 
flight.. ' 
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Department of Defense . 



Introduction 

Department of Defense aeronautics and space 
developmental activities are fundamental to na- 
tional security. Aeronautical activities support the 
national defense role in terms of tactical and stra- 
tegic aircraft anpr cruise missiles, airborne early 
warning, groi^fld and ocean surveillance, amphib- 
ious. and ground/air assault mobility, arm air mo- 
bile command, control, and communications! Space 
activities support the national defense rol^fia^terms 
of mission support for communications, navigation, 
weather and ocean forecasting, and surveillance. 



Space Activities 

Space Systems and Programs " " ^ 

Military Satellite Communications Activities. De- 
fense requirements for satellite communications, 
call for three categories of s&*vice: (I) high-capac- 
ity, long haul trunking (point-to-poinf communi- 
cations), (2) moderate-capacity mobile-user service, - 
and \3)' strategic-force Jcdmmajid and * control. 
Military communication 4inks, including those . 
using satellites, must have an anti-jam capability 
wlvieh civil systemfe dp not need, so that hostile 
enemy activity cannot degrade our military satel- 
lite communication systems. Jn the near term these 
services are satisfied by (1) the Defense Satellite 
Communications System, Phase II (DSCS II)*, (2) 
the Fleet Satellite Communications System (FLT- . 
SATCOM) plus leased services on the maritime 
satellite (Marisat) , and (3) the Air Force Satellite 
Communications System (AFSATCOM), consisting 
of the Satellite Data System (SDS) , FLTSATCOM, 
and other host satellites. At varying times in the 
future, these npar-term systems will be replaced 
by (1) the DSCS III, (2) the General Purpose 
Satellite C6mmunications System (GPSCS) , and '■ 
($) the Strategic Satellite System (SSS) . Each of 
these military satellite communications programs 
will be described in more detail. 



Defense Satellite Communications System. 
The primary mission of the Defense Satellite Com- 
mijnications>System (DSC£) is to provide' rapid, 
refiable, ana secure satellite communications for 

* the National Command Authorities and to con- 
tributes the Wtfrldwide Military Command and 
Control Systern/T\ie system. has prQvided excep- 
tional communications support to the National 
Command Authorities. , ( 

T^he initial research and development^ phase of 
the Defense Communications Satellite . Program 
provided a limited operational system from 1966 
through 1974. The space subsystem currently con- 
sists of four operational spacecraft: two DSCS II 
satellites (numbers 7 and 8) launched in May 1977 

* .and deployed over the Atlantic and Western 
Pacific Oceans; DSCS II satellite (number 4) 
launched in December 1975 and recently moved 
from the western Pacific to the Indian Ocean, and 
NATO IIIB obtained on* loan for temporary use 
over the eastern Pacific Ocean. A dual launch of 
DSC5ni satellites (numbers 9 and 10) is scheduled 

"for iHarch 1978 to replace ,the Indian Ocean satel- 
lite and the NATO IIIB satellite, which must J>e 
returned to NATO - in accordance with thfe tem- 
porary loan agreement. DSCS II satellite numbers 
11 and 12 will be available foji^dual launch in 
November 1978. In addition^ the Air Force has 
contracted "for four additional, fygher powered 
DSCS II satellites (number 13 through 16) to re- 
plenish the DSCS space segment* in 1979-19^.0. 

Groifnd terminals for DSCS are provided by the 
Army. During 1977, a total of seven new terminals 
with 19-meter antenna^jeflectors became available 
for operational use. Additional digital modulation 
equipment procured by the Army represents prog- 
ress towafd an all-digital sys,tem. 

The next generation of DSCS satellites will be 
DSCS III models. A contract was awarded in 1977 
for the development of one qualification model 
and two R&D flight models. The fitst R&D satellite 
(DSCS IIIA) is scheduled for launcYi in mid-1979 
for about one year of R&D test and evaluation. Th^ 
secorid R&D satellite (DSCS IIIB) is scheduled 
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for^launcli in mid- 1 980 for about a six-month test 
period. ThcDSCvS III satellite will have multiple, 
HKUcpindcm transponders to efficiently -handle both 
v jwihll and large terminals, its, communications 
channels will have- improved anti-jam protection 
through the use of multiple- beam antennas capable 
of nuIKng.or minimizing uplink jamming signals. 
Iu ad(<£uUoAi_j*> the normal S-band tracking, telem- . 
etry, ancf command functions operated by 'the Air 
Force, the DCSC III satellite wiJl^have a supc 
high-frccjucncy (SHF). Command capability, c<f 
trolled operationally by the Defense Communion 
tions Agency, 'pi is capability will improve 
response time for control ling ^reconfigurations of 
comrnunicatioiis^hannels.* I^hc^ satellite will con- 
form to nuclear survivability guidelines and will 
liavc a design lifetime ofi about six years. Since the 
f Space. Shuttle wjll become operationally available 
during the life of the BSCS III program, the new 
satellite is Mug designed to be Shuttle-compatible. 
The SHF^dmmunications satellite requirements, 
of the 1980s and beyond will be satisfied by the in-' 
creased capability and flexibility of the DSCS III 
satellite. ' 1 ' > 

Fleet Satellite Communications .System. Mod- 
erate capacity; nwbilc-uscr sen-ice will -.be provided" 
ffy the Fleet Satellite .Communications System 
(FLTSATCOM) . Its objective is to develop, pro- 
cure, and implement a satellite communications 
system to satisfy the most urgent, wofldwidc. iac^ 
tical and strategic cominunications^equircmcnts of 
Wc'U.S. Navy and U.S. Air Force. Production con- 
' tracts for the first three FLTSATCQM spacecraft 
have been awarded. The first launch is scheduled 
for' early 1978. "Installation of fleet broadcast * re- 
ceivers is virtually c6mplctc, with' shipboard trans- 
*ivcr§ antfjunfo*rnation exchange 'systems in 'over 
200 ships anfl 40 submarines. The third leased Mil- 
risat .spacecraft became operational in 1977, thereby 
providing virtually worldwide UHF satellite com- ' 
munications. The Vshipbbard terminal equipment 
will be operated through both the Marisat and ' 
FLTSATCOM systems. Installation of secure voice 
Clipboard terminals cdtamenced in 1977. 

In. the future, this class of service wflj be satis- 
fied by the General Purpose Satellite Commuhita- 
• lions System (GPSCS) to. support mobile users of 
th Sl Anuy ' Nav y- Air Force, and Alarines JWing 
1977, a joint program office was established^ the 
GPSCS. i 

Air Force Satellite Communications System 
The Aii 



I he AFSAI.COM terminal .segment ^wTTl TSTTsim^ 
of aii borne, mobile. 'and fixed terminals. Terminal 
deployment will begin in 1978. Planning for the 
"-concept for a Strategic Satellite .System (SSS) as a 
( follow-on jokr&ATCOM is under way. 

^ Armv Satellite 'Communications Activities. 
The At mv Satellite Communications Ground En-" 
.yvirpnmcnt includes the development of ^ strategic 
and., tactical satellite communications "ground ter- 
minals for use by all services. Two. major projects 
in this program element arc the QSGS IT and the 
Ground' Mobile Forces Tactical Satellite Commu- 
nications Program. 'A third and smaller project in 
this program is devoted to the exploratory devel- 
opment required to support the two major -proj- 
ects, c 

Dki'knsk Satllliti: Communications System 
Support. The' U.S.. Army has completed the modi- 
fication, of all existing DSCS ground terminals to" 
upgrade their reliability .-met communications' ca- 
pacity. Two AN/FSC-78 terminals have been in- 
stalled and -are operational at Fort Det rick, Mary- 
land. Seventeen more' have keen procured to saysfy 
the needs of the DSCS and, by the end of 1977. 
were installed worldwide. The contract for 21 AN/ 
MSG^6I medium terminals' is scheduled to be 
, awardccl\by March I, 1978. The AN/TSC-86 light 
transportable terminal '"contract was awarded Sep- 
tember 30, J977. for ^hrce terminals. A contract for 
an" additional tjircc terminals was' 1 awarded on Oc- 
to'bcr 1977. * * 
* Tactical Satellite-' Communications. Several 
small SHF terminals. have been under test siirce^ 
junc; 197-3. These small, terminals arc now under 
contract for Ibw-riHc initial production. - WJicn 
fully deployed;' those terminals will provide mo- 
bile, inulti-charincl comnuinications ' fo£ the 
ground mobile forces transmitting through the 
DSCS satellites from the field. Engineering develop- 
ment has begun on a UHF, man pack terminal 
and for 4 a, UfHlF vehicular terminal. 
> The interiai Operational capability provided by 
the test models, continues to support various con- 
tingencies and field exercises. Operational testing 
through the fear has assisted in refining concepts 
for use of this significant transmission medium m 
support of combat readiness operations. 

International Cooperation- in Space. The 
United States and the United Kingdom continued 
to operate under an agreement whereby the U.S. 
and the U.K. would exchange an essentially cquiv- 



Forcc Satellite Communications (AFSAT-^-irtent amount of satellite suability between US V 
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COM) System will provide command and 
comnuinications for strategic forces. The space scg 
ine'nt includes UHF transponders on several space- 
craft types, including FLTSATCOM and the Satel- 
lites Data System (SDS). 
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and U.K. Skynet satellites, and to I'ntcrop- 
eratc with each other's Earth terminals. 

The U.S., U.K„ and NATO continued in agree-* 
mcnt for a post-1975 communications satellite ar- 
rangement. The parties will exchange satellite 



capacity during specified conditions and will al- 
locate channels temporarily on a day-today basis' ' 
wherLdifficulties are experienced.* % ,• 

As a result of an agreement signed in September 
1976 between t£e U.S. ancf NATGM :the U.S. has 
had the exclusive use of the .NATCJ IIIB satellite 
during 1977. This arrangement! will, continue until * 
spring 1978. -In return, the U.S. will provide NATO 
. with equivalent DSCS satellite capacity at a time 
to be designated by NATO and agreed to bv the 
U.S. . • 

Progress continues toward establishing the U.S.- 
If.S.S.R. Direct Communication LinTc, which uses 
satellite communication circuits via Intelsat and # 
Molniya satellites. The link was created in accordr 
ance with the 1971 Strategic Arms Limitations 
.Talks agreement between the U.S. and U.S.S.R. 
Since Augitst 1976, the Molniya system has been us- 
able 24 hours a day, and end-to-end testing con-' 
tinues, using both Intelsat and Molniya. 

Navigation Satellite Activity 

The Navy Navigation \Satellite System, referred 
to as Transit, achieved its twelfth year of operation* 
in 1977. The purpose of developing Transit was 
to provide a worldwkUv4wo-dimensiofial system for 
position fixing ta^fn accuracy of better than one 
half of a kilometer— primarily in support of strate- 
gic ballistic missile submarines. Transit usage has 
been expanding, both -militarily and commercially. 
It has been adapted to suc^ diverse activities as- 
offshpre oil exploration "arid measurement of the 
drift of ice over* the poles* The six satellites provide 
an opportunity for a »user to take a position fix 
every two hours or less, depending upon the lati- 
tude. In October 1977, a modified Navy Navigation 
satellite, was placed in orbit. In additipn\> naviga- 
tion equipment* this Transit carries two/specially 
instrumented transpbnders or radfb relays called- * 
translators. .These translators will be used to test 
a Trident Missile Tracking System (SATRACK) 
and to check out and>calibrate range safety ground 
stations and equipment. 

/Since .the early 1970s,' a Transit improvement 
^program has been under way. The improved satel- 
lites will provide greater survivability, as well as a 
disturbance compensation system to adjust for or- 
bital disturbances^caused by solar radiation pres- 
sure and atmosfJneric drag. The first of these satel- 
lites, is plarpTed to be launched in the fall of 1979, 
the secondnn the v spring of 1980. 

The y/NAVSTAR Global Positioning System 
(GPS) is a joint service program to provide an 
increased capability for three-dimensional, high- 
accuracy, continuous; worldwide navigation. The 
. operational NAVSTAR GPS will consist of 24 scitel- 



' lites in three orbital planes at 20,400 kilometers, a 
ground segment for calibration and control of the 
satellites, and 25,000 to 35,000 user equipments of 
various classes. The GPS* will provide all-weather 
coverage using a common grid, enabling users to 
passively determine position to within 10 meters 

. and velocity to within .03 meter per second. A 
lower cost receiver will provide less accurate in- 
formation (100-200 meters) suitable for most navi- 
gational purposes. The system may also be used to 
provide precise worldwide time transfer. 

' NAVSTAR GPS - is in the concept-validation 
phase. Six satellites will be launched by the end of 
1978. Development models of all classes of user 
equipment, including high-accuracy, low-cost, and 
man-pack models, will be extensively field: tested. 

Navigation Technology Satellite Number 2 
(NTS 2) , developed !>,y the Naval Research Lab- 

» oratory, was launched iir'June 1977. NTS 2 is prin- 

. cipally a test bed for advanced frequency standards 
which are the key to the precise positioning capa- 
bility of the NAVSTAR system. NTS 2 carries a 
navigation payload identical to that to be launched 
in 1978' in support of the system validation pro- 
gram. 

Defense Meteorological Satellite Program. The 
Defense Meteorological Satellite Program (DMSP) 
cominued to providA high-quality visual and in- 
frared imagery and other specialized meteorological 
data to support mijitary operations. The DMSP 
obtakis weather data for the entire Earth four 
times a* day, using two satellites" in polar orbits. 
These weather data are stored aboard the satellites 
and 'later transmitted to Air Force Global Weather 
Central in Nebraska and the \Flcct Nunrerical 
Weather Central in California. The imagery is also 
transmitted in real time to transportable read-out 
stations' at key locations worldwide to support tac- 
tical operations. During 1977, the first of the new 
generation Bleck 5D satellites became operational, 
providing visual and infrared cloud cover imagery 
of heretofore unequalled quality. The second 
Block 5D satellite was launched into a dawn-dusk 
orbit and was declared operational in July 1977. In 
addition to imagery, both of these satellites provide 
high-quality vertical temperature and moisture 
profjle data for the entire globe and provide pre- 
cipitating electron counts from the auroral regions. 
The second of these satellites also provides data on 
the state of the ionosphere. 

A joint Air Force /Navy program was initiated in 
FY 1977 ,to develop and procure a four channel (19 
MHZ— 94 MHZ) passive microwave imager for , 
DMSP. The sensors will ^provide data on precipita- 
tion location, rate, and type; soil moisture; and on 
sea surface/atmosphere interface. Feasibility 'has 



been demonstrated by measurements conducted in 
1977 by tne Navajo Research Laboratory. Four of 
the sensors are plaryied for deployment on DMSP 
satellites in 1980-1984. DoD continued to coop- 
erate with 'NASA and the National Oceanic and 
Atmospheric Administration in development of 
the Tiros-N domestic weathef satellite. The 
Tiros-N satellite will use an. adaption of the 
DMSP 'Block 5D spacecraft but with difFerent 
sensors. * ' 

Space Shuttle. The Concept Validation' Phase 
for the Inertial Upper Stage (IUS) (formerly the 
Interim Upper Stage) development for 5 Space Shut- 
tle use is planned to be rompleted in February 
1978. This phase has denned four IUS configura- 
■ *• lions to meet the high-altitude mission s require- 
ments of the DoD and NASA. The- Full'- Scale 
Development Phase of the IUS is planned to begin 
in March 1978. ' 

The Air Force acquisition efforts for a Shuttle* 
launch and landing capability at Vandenberg&Vir 
Force Base, California, continue with definition of 
the facilities and support equipment requirements 
planned for completion during 1978. Design efforts 
fpr the planned facility construction in FY 1979 are 
we^Il under way. The environmental statement as- 
sociated with the planned, construction activities 
has been released for public comment. 

Space Boosters. The DoD family of space boosters 
is comprised' of the Atlas and Titan III standard 
launch vehicles and the surplus IRBM.SM-75 Thoi 
and surplus ICBM Atlas E/F vehicles. These 
boosters launched, 12 DoD space missions during 
1977: 5 Titan IIIs/l SM-75 Thor. 4 Atlas, 1 Scout, 
and 1 Delta (the Scout and Delta being launched 
by NASA for DoD) . To correct reltaru'lity deficien- 
cies in the Titan III, aw effort to integrate the 
Inertial Upper Stage and its redundant avionics 
jnto the Titan III family of Jaunch veh icles was 
initiated in June 1977^ 
Space Test Program. The space test program pro- 
m vides spaceflight test and evaluation for DoD R&D 
experiments and certain operational spacecraft not 
authorized their own means for space Might. The 
two' payloads flown in 1977 wereuhe Navy^Naviga- 
. tion Technology Satellite (NTS 2) and a geodetic 
package (NAVRAC)^, the first *of three such geo- 
detic satellites being placed in orbit.- The remain- 
ing two NAVPACs are scheduled for FY 1978 
launch. 

Environmental experiments are to be flown on 
NASA's Long.Duration Exposure Facility (LDEF) . 
The LDEF is a reusable, gravity-gradient-stabili/ed. 
free-flying structure on which many experiments 
can be mounts^. It will be placed in orbit by the 
Shuttle and remain there for at least six months 
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before being retrieved. This will allow the effects 
on materials* td be tested. N^SA agreed to assign 
at least four of the LDEF trays for DoD use on 
Orbital Flight Test No. 3. 

* Space Research and Technology 

Space-related* research and technology by the De- 
partment of Defense- includes effort defining the 
space environment and assessing its effect on the 
performance of DoD systems operating within it. 
One program is to measure atmospheric density 
and compositipn by means of rocket 'observations 
and accelerometers on satellites. Another continued 
interest is the measurement and monitoring- of 
charged particles and electric fields in space. Data 
from an earlier satellite (S7.2-I) continue to be 
used for improving models of the particle popula- 
, tion of the Earth's Van Allen radiation belts; 
i The Defense Advanced Research Projects Agency 
/ (DARPA) is developing concepts, designs, and 
J technology for advanced strategic surveillance from 
space. New concepts in optics, detector arrays, and 
signal processing will provide a capability, for a 
wider range of future mission options. The 
DARPA' 301 gamma-ray spectroscopy project, to lae_ 
.launched in mid-1978, employs state-of-the-art in- 
trinsic germanium sensors 'and newly developed 
long-lived mechanical cryogenic coolers for remote 
location and characterization of radiation sources 
in the upper atmosphere and near space. Respon- 
sibility for this' project- will be transferred to the 
Air Force at the end of FY 1978. Progress in detec- 
tor arrays has allowed DARPA to initiate the', 
Teal Ruby experiment to demonstrate detection of 
strategic vehicles from space. Currently scheduled 
for launch in IVfarch 1981, this experiment will 
gather spectral and spatial scene-intensity data and. 
provide a demonstration of advanced detector 
technology. . c % 

Solar Radiation Monitoring Program. The Navv 
solar monitoring program in 1977 consisted pri- 
marily of developing additional applications .for 
operational predictions of propagation phenomena 
affecting HF and VLF radio systems. Solrad-Hi and 
GOES satellite data provided significant real-time 
solar measurements for the prediction system under 
evaluation at the Naval 'Communications Station, 
Stocktpn,. California'. The Naval Research Labora- 
tory pursued basic research studies in solar physics, 
solar rerrestrial relationships, and plasma processes 
to determine these solaF&effects on Navy systems and 
operations. 

As part of the continuing Air Force technology 
program in propagation-environment prediction, 
solar processes are being investigated and solar 
emissions are measured. The programs in solar 



emissions include the theoretical study of the proc- 
esses leading to solar flares. The Air Force Geo- 
physics Laboratory works closely with the National 
Science foundation's Sacramento Peak Observa- 
tory. Air Hjrce scientists are developing techniques 
to forecast the time-history of high-enejgy solar 
particles that may impact the Earth following a 
major solar (la re. The Air Force* is installing a 
worldwide radio-solar-tclescopc network for use 
with the Solar .Optica I -Observing Network. 

Air Force scientists arc also participating in 
rocket and satellite observations of solar ultraviolet 
emissions. Working/closely with NASA scientists, 
Air Force personnel arc studying the variation of 
solar UV observcci by spectrophotometers on At- 
mosphere Explorer C, D, and E satellites. Rocket 
flights designed to measure' solar .UV flares between 
230 and 1220 Angstroms continue to be flown and. 
in conjunction .with satellite. measurements, used to 
develop models/of the solar UV emission spectrum. 

Environmental Remote Sensing. Significant Navy 
accomplishments in 1977 -included the!, completion 



of the installa 
Center at the 



ion of the Satellite Data Processing 
Fleet .Numerical Weather Central, 
Monterey, California. The center will* process real- 
time data from the Defense Meteorological Satel- 
lites" (DMSP)A and will receive and process real- 
time satellite/data from the NASA Scasat-A project 
after the sat/ellijc .is launched in May 1978. Data 
from these satellites will provide global ocean data 
for inputs to atmospheric, and oceanographic op- 
erational analysis and forecasts. Significant progress 
has, been made in* developing applications of in- 
frared imagery from DMSP and NO A A satellite 
data in observing sea-surface thermal structures and 
locating oceanic fronts, eddies, and water masses. 
Several fleet exercises conducted during the year 
demonstrated the potential of using satellite-col- 
lected sea-surface temperatures for tactical applica- 
tions in Antisubmarine Warfare and Undersea 
Warfare. The sea-surface temperature measure- 
ments and analysis capability also supports the 
National Climate Program, 

The Air Force Geophysics Laboratory continues 
to monitor space, environment-induced effects as 
observed at the surface of the' Earth. Using trans^ 
missions from beacons on both orbiting and geo- 
stationary satellites, scientists' are measuring iono- 
spheric scintillation and signal time* delay at a 
number of ground stations around the globe. These 
measurements indicate' signal statistics (fade mar : 
gins, message rcliabilit^) for satellite communica- 
tions systems and positional accuracy for navigation 
satellite systems and Air Force surveillance radars. 

The Air Force Space Technology program under 
overall management of the Space and Missile Sys- 



tems Organization (SAMSO) is oriented toward 
development and orbital demonstration of ad- 
vanced prime mission equipment and supporting 
subsystems. The primary objectives of these new 
'developments are performance, survivability, and 
reliability. 

In advanced space communications, the Lincoln 
Experimental Satellites (Les 8 and 9) concluded a 
highly successful test program which demonstrated 
spread-spectrum, jam-resistant EHF and UHF com- 
munications with aircraft, ships, and Earth termi- 
nals. Advanced electromagnetic and physical sur- 
vivability techniques were tested. The Les 9 
satellite was turned over, to "Air Force Communica- 
tions Service in October 1977 for operational em- 
ployment. Research and development tests con- 
tinued usiug the Les 8 satellite. 

The technology of satellite space power systems 
advanced with the fabrication and testing of high- 
efficiency silicon and gallium arsenide solar cells 
and the orbital demonstration of a nickel-hydrogen 
battery, intended to replace current nickel-cad- 
mium spacecraft batteries. 

In advanced early warning sensors for missiles, 
Space and Missiles Systems Office continued the 
development of critical components of a mosaic 
staring sensor. Such a sensor offers inherent per- 
formance and survivability advances over current 
line-scanning sensors. The objective is earlier, more 
precise detection of launches of hostile missiles. 

Space Ground Support 

DoD space activities are principally supported by 
the Army's White Sands Missile Range; the Navy's 
Pacific Missile Test Center; and the Air Force's; 
Eastern Test Range, Space and Missile Test Center, 
Satellite Control Facility, and Arnold Engineering 
Development Center, These facilities are available 
for use by Federal agencies, industry, and other na- 
tions and support a wide variety of test and eval- 
uation activities. 

Eastern Test Range (ETR). The objective of the 
Air Force's ETR is to provide, support to a variety 
of DoD space and ballistic . missile operations, 
NASA space programs, and commercial or inter: 
national satellite launches under the sponsorship 
of NASA* Current improvement emphasizes the 
enhancement of telemetry, radar tracking . arid 
range safety. During FY 1977, ETR provided sup- - 
port to Navy testing of Poseidon and Trident bal- 
listic missiles. Launch and data acquisition support 
were provided to NASA's Viking program, satellites 
for commercial organizations and foreign govern- 
ments, and operational space pay loads for the Air 
Force and NASA. ETR was also actively engaged 
in conducting planning and analyses in support of 



• the Space Shuttle, which will be launched for or- 
bital test flights from the Kennedy Space Center 
in 1979. 

Space and Missile Test Center (SAMT EC). SAM- 
TEC manages, operates,.and maintains the Western 
Test Range (WTR) in support of DoD and NASA 
tests. WTR is a national range providing range 
tracking, data acquisition, and flight safety support 
for all ballistic missile, space launches, and aero- 
nautical tests.at Vandenberg Air Force Base, Cali- 
fornia. The number of launches remains at ap- 
proximately 50 ballistic and space launches and 
60 aeronautical flights petNycar. Major programs 
include Miniitcman, Titan, F-15, E-3A, Bomarc, 
and Thor. SAMTEC is actively engaged in plan- ( 
ning for Space Shuttle launches from Vandenberg 
AFB, which involves extensive construction of 
launch, maintenance, and logistic facilities. 

Satellite Control facility (SCF). The SCF con- 
tinued to operate in a near flawless manner dur- 
ing 1977. Eighteen kunches (13 DoD and NASA, 
5 ballistic) , 63,220 satellite contacts, and 51,551 net- . 
. work hours were supported during FY 1977.^ The 
major portion of the restoration of .Guam Track- 
ing Station was completed. Modifications to the 
network to provide essential support to the early 
NAVSTAR-GIobal Positioning Satellites were 
made, and various communications and data sys- 
tems improvements Were also completed. To reduce 
data processing at remote stations, a four-year pro- 
gram to centralize data processing at the Satellite 
Test Center was begun. By eliminating unneces- 
sary equipment and associated manpower, this con- 
solidation will produce significant savings by 1982 
Development of SCF-compatible Timed Division 
Multiplex telemetry equipment was completed. Its 
procurement and network modification will begin 
in FY 1978. Studies of SCF support requirements 
generated by the' DoD\s transition to the Space 
Transportation System were continued. 

Arnold Engineering Development Center (AE- 
DC). AEDC is the Free "World's most comprehen- 
sive complex of technical and support facilities 
designed .to simulate flight environments on the 
ground. AEDCTs work ranges from basic 'research 
and development associated with environmental - 
testing to full-scale flight-hardware testing. In 1977 
AEDC provided over 45,000 test hours in support 
of programs such as B-l and F-16 aircraft, Air 
Launched Cruise Missile, Sea Launched Cruise 
Missile, and support to the Energy Research and t 
Development Administration. 

AEDC is acquiring the Aero Propulsion Systems 
Test Facility (ASTF) , which will be ca.pable of 
simulating the severe flight environments experi- 



enced by present and future aircraft of larger sizes 
and higher speeds. With it, AEDC will be able to 
fully test air-breathing propulsion systems on the 
'ground prior to flight, thus minimizing extensive, 
flight tests and avoiding possible costly modifica- 
tions to completed propulsion systems. 

White Sands Missile Range . (WSMR). The 
Army's WSMR continued to provide support to 
DoD and NASA aeronautics and space programs., A 
full spectrum of launch,, flight, and recovery serv- 
ices was provided, including ground and flight 
safety, surveillance, command and control, data 
acquisition, and analyses. Army and Air Force pro- 
grams include the Space Shuttle, Astrobee rocket, 
Aerospace Sounding Rocket Vehicle,' and the At- 
mospheric Measurement Balloon Program. NASA 
programs that were supported included the calibra- 
tion rocket program, upper atmospheric rocket 
sounding program using the Acrobce rocket, nu- 
merous smaller rocket systems, and a variety of 
astronomical test programs. 

Pacific Missile Test Center. The Pacific Missile 
Center operates an extensively instrumented Sea 
# Test Range off the coast of Southern California. In 
addition, the Center has radar and telemetry capa- 
bilities at the Pacific Missile Range Facility on the 
island of Kauai, Hawaii. These facilities in 1977 
supported the DoD Global Positioning System, 
providing radar tracking, tel^nctry, and command 
destruct capability for the launch sequence, and 
using the NASA Advanced Technology Satellites 
(ATS 1, 3, and 6) for data relay. The Center is 
also engaged in planning support; of the NASA 
Space Shuttle Orbiter. 

Kxuajalein Missile Range (KMR). The Army's 
Kwajalcin Missile Range continued to provide, 
maintain, and operate a national range to support 
technological advances in both offensive and defen- 
sivc strategic weapon test programs. KMR is our 
only range with the technical capability to obtain 
critical data associated with terminal ballistics of 
intercontinental- ballistic missiles and support de- 
fensive testing technology. KMR radars have also 
provided backup tracking data for the NASA space 
program. " . '* - - 

National Parachute Test Range. During 1977 
the National Parachute Test Range continued sup- 
port of NASA and DoD space programs, primarily 
for programs requiring an application of parachute 
subsystems. Principal programs supported were: the 
Air Force aerial retrieval system, NASA Space 
$luittle booster recovery system, and the NAV- 
STAR Global Positioning System, 
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Aeronautical Activities 

- i ■ * ' 

Aircraft atid Airborne Systems 

F-16 Multimission Fighter. After an extensive re- 
view of all aspects of the F-16 program, full pro- 
duction was approved; the 'first of the programmed 
1388 aircraft will be delivered in August 1978. The 
full-scale development test program continued on 
schedule^ \with five aircraft currently flying and 
three more scheduled for 1978 delivery. The F-16 
European partners— Belgium, Norway, The, Nether- 
lands, and Denmark— signed formal agreements in 
May 1977 for 348 aircraft. -With 1 almost S2 billion 
of F-J6 contracts in Europe, this is the largest co- 
production program ever initiated and a significant 
step toward standardization of NATO weapon sys- 
tems. Iran became the first official Foreign Military 
Sales customer by signing an agreement to pur- 
chase 160 aircraft. ( 

B-l Bomber Program. Plans for production and 
deployment of the B-l have been halted, but de- 
velopment and testing have continued, so the tech- 
nical base will be available should alternate strate- 
gic systems run into difficulty. 

Three research, development, test, and evalua- 
tion aircraft are currently flying in the test program 
at Edwards AFB, California, to measure overall 
performance, gather data on structural air loads, 
a-rid evaluate the offensive avionics subsystem,. Pri- 
mary emphasis has-been placed upon low-altitude 
terrain-following penetration equipment, weapons 
delivery capabilities, navigation, -communications, 
and overall system performance. y 

A-10 Close-Air-SuppoYt Aircraft. The Air Force 
plans to procure 733 A- 10s to provide a specialized 
close-air-support aircraft. The A-10> research and 
development is complete, except for new systems 
being added to improve effectiveness. Of the 339 
aircraft approved for production, approximately 75 
have been delivered to Tactical Air Command. 
The first, operational squadrdn was Activated in 
Julie 1977; the planne^ initial operational capabil- 
ity was accomplished in October 1977, approxi- 
mately three months ahead of schedule. Favorable 
reliability and maintainability have continued, so 
the. anticipated low operating costs should be 
realized. 

• F-15 Air Superiority Fighter. The last of the F-15 
development j&ogram milestones was successfully 
passed early in 1977. A limited development effort 
will continue to complete threat updates to tljpe 
electronic countermeasures equipment and various' 
other component improvements. 

Production deliveries of the F-15 continued at 
the rate of nine aircraft per month throughout the 
year and a total of more than 250 aircraft had been 



delivered to the Tactical Air Command and United 
States Air Forces in Europe by the year's end. The 
second and third of *a planned six combat wings 
were 'activated during the year at Bitburg AB, Ger- 
many, and Holloman*AFB, New Mexico. 

F-IS Carrier-Based Strike Fighter. The Navy's 
McDonnell Douglas/Northrop F-18 aircraft will 
become the replacement for the remaining Navy and 
Marine F-4 Phantom fighters as they reach the end 
of their service life. An attack version of the same 
aircraft will begin replacing the aging A-7 light 
attack aircraft in the mid-1980s. Introduction of 
this aircraft into the fleet will provide the tactical 
commander at sea with a high-performance, agile 
strike fighter, capable of defeating the projected air 
threat and surviving over 1 hostile territory. The 
F-18. though not as sophisticated as the F-14 Tom- 
cat, will complement the F-14 in maintaining mar£ 
time aiv superiority. The Secretary'of Defense has\ 
approved full-scale development of thur-aireVaft. 
with first flight planned for October 1978. 

F-1JA Carrier-Based Tactical Fighter. F-14A 
Tomcat squadrons are now routinely making ex- 
tended deployments on carriers of the Atlantic and 
Pacific Fleets. Twelve operational and two training 
squadrons have completed transition to this aircraft 
and two additional squadrons are programmed to 
receive the Tomcat in 1978. The F-14A continues 
to prove its versatility as a highly maneuverable and 
agile fighter. 

AV-SB. The success of the AV-8A aircraft in sat- 
isfying the light attack vertical/short takeoff and 
landing (V/STOL) requirement of the Marine 
Corps has led to the development of the much'more 
capable AV-8B. 

The AV-8B is an improved, vectored-thrust 
V/STOL aircraft based on the AV-8A concept and 
the current Pegasus 1 1 engine. The^irplane incor- 
porates a supercritical composite wing, redesigned 
inlets, and lift improvement devices. The AV-8B. 
produced by McDonnell-Douglas Corporation with 
Hawker Siddeley of the United Kingdom as the 
principal subcontractor, will be equipped with^ 
angJc-ratc bombing systems for improved accuracy 
in weapdn delivery. 

The AV-8B program has completed the initial 
phase of full-scale wind tunnel testing at NASA's 
Ames Research Center. The N AS A^ data confirm 
I hat the AV-8B aircraft will have superior V/STOL 
characteristics with approximately double the range 
or payload of the AV-8A. Two YAV-8B ^(AV-8B 
prototype) aircraft are under contract with McDon- 
nell Douglas Corp. 

Advanced Medium STOL Transport (AMST). 
The AMST completed Phase I prototype program 
in 1977. Objectives of the advanced development 

program were to demonstrate STOL technology, 
♦ 
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evaluate operational utility, and provide an option 
for modernization of our aging tactical airlift force. 
The AM ST prototypes demonstrated these objec- 
tives. However, the projected production and op- 
erating costs of this sophisticated aircraft design are 
not sufficiently offset by its operational utility to* 
justify continuing the program. 

The Boeing YC -14 and McDonnell Douglas YC- 
15 ^prototypes completed their flight testing in Ail- * 
gust 1977. These four aircraft accumulated 1307 
flight hours and demonstrated satisfactory perform- 
ance against all goals of the Phase I flight test pro- 
gram. 

UH-60A Black Hawk. The Army requires a heli- 
copter tlrat provides combat support and combat* 
service support necessary to sustain ground forces 
engaged in land warfare. 

Air frame engineering development contracts 
were awarded to Boeing Vertol and Sikorsky in 
August 1972, with a contract to General Electric 
for development of the T-700 engine preceding the 
air frame awards in March 1972. During trie com- 
petitive development phase, each airframe contrac- 
tor built three flying prototypes and flew over. 600 
flight test hours. The government flew over 700 
hours during the "fly-oft" evaluation. The T-700 
engine experienced over 30,000 hours of develop- 
ment and field testing. 

Sikorsky was awarded an 583.4-miIIion produc- 
ion contract on December 23. I^Jj^or 15 aircraft 



tion 
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wjth options for 353 additional^ffack Hawks over 
the next three yea*. . Fijrst production delivery is 
scheduled for August 1978. General Electric was 
simultaneously awarded a 538.3-miIIion engine pro- 
duction contract. ^ 

Advanced Attack Helicopter. After -a prime, air- 
frame contractor was selected jh December, 1976 to 
continue development, Phase II— full engineering 
development-continued during 1977. The primary 
emphasis is the total systems integration of the 
armament and fire control. Competitive contracts 
were awarded in March 1977 for development of 
the target-acquisition-designation and pilot-night- 
vision subsystems, which are parts of the fire control 
system. Aircraft efforts were directed toward design 
and testing of the airframe modifications Stemming 
from evaluation of the Phase I aircraft in 1976. 
Fabrication of the additional flying prototype air- 
craft was deferred until 1978 because of fiscal re- 
structuring of the program. - 

Cobra/Tow, The Gobra/Tow program, includ- 
ing a^ retrofit of 290 of the existing Cobra helicop- 
ters and, purchase of 324 new aircraft with the 
highly effective Tube Launched Optically Tracked 
Wire Guided (Tow) Missile, was continued in 
1977. Deliveries of the Eetrofitted Cobra helicopters 
began in June 1975 and were completed in October 
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1977. Testing the upgraded engine, transmission, 
and dynamic components— Improve Cobra' Agility 
and Maneuverability (ICAM) —was completed in 
May 1975. These ICAM components are incor- 
porated in the 297 new aircraft on which deliveries 
began in March 1977. The Army's plans include 
the retrofit of an additional 400 Cobra helicopters 
and a modernization program of the Cobra/Tow 
fleet. The modernization program will substantially 
increase secondary armament capability; survivabil- 
ity; and the reliability, availability, and maintain- 
ability. The modernization program also includes a 
new main rotor blade of composite materials now 
in final demonstration in the technology base that 
will increase survivability and double the blade 
life. 

tH-il Modernization. The CH-47 moderniza- 
tion program is' designed to increase the life of the 
CH-47A, B, and C models and improve the per-, 
formance of the A and B models. The intent is to 
^modify three prototypes through development and 
- testing of seven moderized systems; rotor, drive, hy- 
draulic, electrical, advanced flight control, cargo, 
handling, and auxiliary power unit. Integration of 
these systems wifl improve reliability, availability, 
maintainability, safety, and survivability. 

E-3A Airborne 4-Varning and Control System 
(A1VACS) . The first E-3A-AWACS was delivered to 
the Tactical Air Command at Tinker AFB, Okla- 
homa, on March 24, I977.^his delivery culminated 
a successful program to develop a high powered 
airborne surveillance system capable of detecting 
^ and tracking aircraft at all altitudes and over all 
terrains. 

EF-111A Tactical Jamn\ing System. The EF-1 1 1 A 
is being designed to provide ground and airborne 
j adar jamming in support' of all tactical, air mis- 
sions. The peace-time mission will be to provide 
training in electronic countermeasures for our own 
air defense and tactical forces. Flight testing of the 
two prototypes was "initiated in March 1977 and 
May 1977, respectively. All contractor flight testing 
was completed in September 1977. Government 
Development Test and Evaluation (DT&E) and 
Initial Operational Test and Evaluation (IOT&E) 
are scheduled from October 1977 through April 
1978. . 

Tomahawk Cruise Missile. Tomahawk is a high- 
subsonic-speed, turbofan-powewsd, long-range cruise 
missile sized to*be fired from a submarine torpedo 
tube.but'also capable of being launched from sur- 
face ships, aircraft, and mobile ground platforms. 
This missile is being developed in two forms, a con- 
ventionally armed antiship version and a nuclear- 
armed land attack version. 

The antiship Tomahawk is essential' to Navy 
general-purpose forces fh/a sea-control offensive/ 



4 



,0 



ERLC 



defensive role. Tomahawk Will provide »an impor- 
tant complement to carrier-based air in extending 
the Navy's antiship capability over a broad ocean 
area. If they are to have a flexible sea control capa- 
bility, Navy forces must, be able to challenge the 
enemy at sea when neither side has air support. 
Tomahawk is designed to provide this capability 
through deployment of long-range offensive power 
on a variety of platforms. The Mand-off capability 
afforded by Tomahawk will pose a credible threat 
to enemy surfaces forces at' minimum risk to our 
laujich platforms. 

The primary need for the land-attack Tomahawk 
is in the theater role, where its single-war.head, 
high-accuracy, penetrativity, and survivability make 
it particularly suitable for use in limited nuclear 
attacks. 

*-\ 

Tomahawk is planned for installation on attack 
submarines, cruisers', and Spruanc£-class destroyers. 
A ground-launched version of Tomahawk is being 
developed for the Air Force. 

Pave Low 117. The Air Force's prototype H-3 
combat rescue helicopter ^quipped with Pave Low* 
III completed initial flight testing in 1977. Using 
forward-looking infrared devices, terrain-avoiclance/ 
following radar, and inertial/Doppler navigation, 
the system permits low-level penetration of un- 
frjendly territory and aircrew recovery under con- 
ditions of total, darkness and adverse weather. An 
invaluable addition to the military rescue fleet, 
Pave Low III blends the latest, state-of-the-art • 
electronics with a time-tested, long-range rescue 
vehicle to provide the only system of its type capa- 
ble of surviving the intense hostile environment 
predicted for tomorrow's combat situation. 

Joint Tactical Information Distribution System 
(JTIDS). The JTlbS program objective is to de- 
velop a highly flexible data network to satisfy mul- 
tiple tactical operational users. When deployed it 
will provide high-capacity, jam-resistant, low-prob- 
ability-of-intercept communications to interconnect 
all participants in an area of tactical military op- 
erations. JTIDS employ* modern spread-spectrum 
and time-division multiple-access technology to 
provide multi-access, jam resistant communications 
as well as accurate relative navigation with other 
cochannel transmissions such as IFF and Tacan. 

\ VV^th the Air Force acting as lead service, all 
services are participating in this program, and a 
joint program office has been established. Initial 
operational application of the early phase of JTIDS 
will be in the Air Warning and Contrflfl (AWACS) 
aircraft. When fully deployed, it is anticipated that ^ 
JTIDS will afford the means fori close coordination 
of forces of all services. % 



Aeronautical Research atid Development 

Aircraft Structures and Materials Technology. 
Each of the services has' research and dev^ppment 
programs directed toward its needs for improved 
structures and materials for aeronautical and space 
applications. Amang these is the Navy's engineering 
development program initiated to develop a fiber- 
glass composite rotor blade as a replacement for 
the CH-46 metal rotor blade.The fiberglass rotor 
blade is designed to be corrosion resistant, provide 
no environmental degradation, be insensitive to 
small defects, have slow failure propagation with a 
change in stiffness warning, require only visual pre- 
flight inspections, and r increase mean time between 
repairs by 500 percent. This blade will significantly 
increase the effectiveness of the CH-46 helicopter 
fleet. * 

The Navy's composite aircraft structures pro- 
gram continues to demonstrate significant progress. 
Components which have completed laboratory static 
and fatigue tests include the S-3 spoiler, F- 14 over- 
wing fairing, F-14 main landing gear door,* and a 

. wing for BQM-34E supersonic target vehicle. Addi- 
tional components are being fabricated'to be placed 
on operational aircraft and monitored over an ex : 
tended period to answer critical technical questions 
as well as increase confidence in^graphite com- 
posites. This program wifj provide the Navy with 
long-term experience 'in composite structures in an 
operational environment, extend design and fab- 
rication technology to Jarge primary structures, and 
establish greater confidence in acquisition /life 
cycle cost-projections. * 

After several years of development woc£ com- 
posite structures began to accelerate into tne Army 
inventory in 1977. Both the Black Hawk and the 
Advanced Attack Helicopter began flying in 1977 
with composite aerodynamic surfaces a ndj fuselage 
structural components. The AH-1 Cobra gunship 
received new composite main rotor blades and the % 
CH-47 cargo helicoptei got the composite rotor 

7blades portion of its overall modification/improve- 
{ ment program. A plan to retrofit composite rotor 
blades onto the UH-1 and OH-58 fleets was devel- 
oped^) reduce the life cycle costs of*these opera- 
tional aircraft. In 1977, research and development 
efforts continued toward producing from composite 
materials safer, lighter, and more durable rotor 
hubs,, crash worthy landing gear, and ldss vulnerable 
fuselage structures, with savings in weight and cost. 

Advanced Helo Rotor* System. The Advanced 
ITelo Rotor System's objective is to prove the flight 
feasibility of the Circulation Control Rotor (CCR) 
concept with a full-scale system in which design-to- 
cost goals and trade-off parameters will be estab- 
lished for the rotor system. The CCR system is to 
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be capable of replacing 



, isthig helicopter rotor 

^systems without any inhcrem operational limita- 
v lion, "Operating on the basic principle of a trailing-, 
edge boundary-layer blowing system, the rotor blade, 
is provided cyclic control by air modulation, elim- 
inating conventional rotor head complexijies 
(swashplate, lead-lag hinges, and flapping hinges), 
improving aircraft maneuverability, reliability, 
maintainability, and reducing overall vibration 
levels. The first full-scale CCR blade was fabricated 
during -April and the first full-scale whirl" lest of the 
complete CC^R system will -begin in February 1978. 
The X-wing concept utilizes-. CCR technology and 
high-speed rotor technology (Reverse Velocity 
. Rotor) . The X-wing program*wilI demonstrate the 
feasibility of the high-speed rotor ancf- X-wing con- 
cept in parallel with the CCR program; both pro- 
grams jire scheduled for completion in" FV. 1079. 

Helicopter Amustjc Research. Experience gamed 
by correlation of in-flight and wind-tunnel acoustic 
data has accumulated and a "quiet" rotor blade de- 
sign has been initiated. Instrumentation for a per- 
manent measurement system of in-flight far-field 
noise has been completed. A hover test facility is 
being calibrated, and an experiment' to provide 
f acoustic data for a parametric' variation of rotor 
geometry is being initiated. These 1 efforts are all 
aimed at reduction of, acoustic cjetcciabiliiy. 

Advancing Blade Concept (ABC) Demonstrator 
Aircraft. Helicopter technology* has progressed to 
the point where many of the unsolved problems 
are concerned with high-speed nianciiy^iag^flight^ 
One design- concept which proiniscs^oidleViate 
some of these, problems incorporates co-axial, conn- 
tcrrotating rotors. In December I9fa, the Ariiiv 
contracted with Sikorsky Aircraft toMcsign. co 
struct, and flight-test this concept: the reciting aii 
craft is called the Advancing Blade Concej)>\(ARC), 
The ABC completed its flight tests in the pure 
helicopter mode in the spring of 1977, ' attaining 
speeds up to 320 kilometers per hour. In a program 
just getting underway, the Army, Wavy, and NASA 
have joined forces to. fund high-speed (up to r>. r >0 
kilometers per hour) tests of this concept. The test 
aircraft has* been fitted with thrusting engines 
(loaned by the Air Force) and is now preparing for 
further tests. 

Helicopter Rotor Aerodynamics. Both civil and. 
military helicopters suffer from -high vibratory 
•load* These vH)i:a7oT)vloads increase operating costs 
; by causing frequent replacement of components and 
contribute to pilot fatigue and passenger discom- 
fort. A number of investigations arc underway to 
/understand the basic aerocl^iamic; mechanisms 
causing these loads and to develop design Tech- 
niques to alleviate them while improving or main- 
taining aerodynamic performance. 

42 



ERLC 



-sign 



The ellcct of the shape of the tip of the blades 
on noise and vibration is being studied. As a con- 
sequence of this program, the rotor tip on a test 
I MI- 1 was modified Into an ogee shape, reducing 
noise and vibratory loads, yind, for this particular 
n, increasing aerodynamic, performance. A rotor 
Vim an ogee lip shape is presently being fabricated 
civ testing next year oii the ASMS Cobra. 
The "French and tltf.* U.S. Army are pursuinga . 
.joint' program to understand the role of transonic 
aerodynamics in vil^atory loads. The French have 
completed experiments on a non-lifting rotor with 
both square and .swept rotor tip shapes! The Armv 
has found good agreement between these experi- 
ments and aiTalysis for the square rotor tip and is 
now performing the analysis on me swept lip shape. 

An investigation of a high -energy rotor sy scorn re- 
sulted in the demonstration of ^n OII-f>S modified 
to provide high rotor inertia that could autorotale 
safely from any aJliludc and speed. This investiga- 
tion will continue next year trrdefine the des 
constraints of suc h a rotpr system. 

Helicopter Aerodynamic Launch Environment, 
Attack helic opters experience" a number of launc h 
transients, such as vibration, rotor downwash, and 
rotation translation of the aircraft." Because these 
factors _ affect the first few meters of a missile's * 
trajectory, the resultant errors csiusc impact disper- 
sion at the weapon s potential target. Model testing 
on the AIIMG utilizing laser techniques, flow vis- 
ualization, and rotor wake, theory has aided map- 
ping of the rotor flow field. In addition, low-air- 
speed sen so is have been tested and strategical Iv 
* located on the aircraft to provide the pilot with 
previously unavailable airspeed, readings*- In vestiga 
tions by the Army are continuing to utilize these 
data for fire-control augmentation which should 
ultimately improve weapon accuracy. 

Remotely Piloted Vehicles (RPV). The Army is x 
conduc ting a system technology program to demon -"7) 
st rate that a. small airborne RPV can obtain recon- 
naissance and target acquisition information be- 
yond the forward, edge of the battle area. Its 
application is for those high-threat situations where 
probability of survival of manned systems is. unac- 
ceptably low. The full-scale RPV. including a TV 
sensor and laser range finder /designator, has a 
wingspan of 3.7 meters and weighs <>6 kilograms. It 
Hies at speeds under 180 k Hosiers per hour, yet 
will be extremely Iliffirull to shoot clown. A con- • 
tractor validation urogram consisting of 6:"> flights 
was completed in fVily 1077. The Air Force and 
Navy have limited RPV progranTs which comple- 
ment this Army program: \ 

Helif</ptrr Avionics* After a successful competi- 
tive, c^s'igftMo-c ost engineering /levelqnment 
gram.i the* AN ASXML'K Doppfrr navigation 
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system enteral production. The AN ASN-128 will 
* ( provide' Army helicopters a self-contained tactical 
." ( navigation capability. Range and bearing to ten 
jfcheckpoiiits, as well as present position, are pro- 
vie! ed to the crew. First applications will be to the 
v Black llawk-and the AM IS. 

Competitive, design-to-cost engineering develop- 
iricnt contracts were awarded for the Integrated 
Avionics Control System (lACS) . The I ACS will 
provide an integrated panel for the control of up to 
ten avionics "black boxes/', (radios, transponder, 
- automatic direction finder, etc.). and save cockpit 
space and improve the man-machine interface. 
, Prototypes will be dcIivcrecN-during FY 1978. 

Electronics for Aviation. The pervasive role of 
electronics in aeronautics and space continues to 
grow. The current generation of 'large-scale inte- 
grated 'circuits .and techniques today is making 
many electronic functions that were promised bv 
the transistor generation affordable and reliable. 
The greatest impact has been in'* the area of micro- 
processors for control, Kiidancc, and built-in test. 
The advances in c feci ro-opi tics and microwaves have 
also been impressive in their impact on the sensor 
capabilities of modern aircraft. 

The direction of advanced electronics for acro- 
» nautics can best be shown by examining three tech- 
nologies— electro-optics, microwaves, and computers, 
—and by how r each affects a variety of systems. 
4 Electro-Optics Technology. Electro-optics is 
still an emergent and rapidly growing technologv. 
The .revolutionary development of the laser and 
the evolutionary development of low-cost, compact 
television cameras have led to TV homing and 
laser designated [decision weapons. However, elec- 
tro-optics technology is also incorporated in many 
other devices, ,such as infrared imaging devices, 
charge-coupled imagers and signal processors, ring 
laser, gyros, -fiber optics, and ,displays. Recent sig- 
nificant applications are: 

• Laser designators have progressed farthest to- 
ward operational systems in the form of light- 
weight target designators and ' range finders. 
, The PAVF SPIKE system, when integrated 
with 'the F-Ts avionics, permits davtime de- 
livery of- laser-designated ordnance bv the des-. 
ignating or other aircraft!' The PAVE TACK 
infrared imaging system will provide F- JEs and 
F^fcllFs.with a day night capability for rang- 
ing, tracking, and designation. The PAVF. 
PENNY" compact laser search -and- track 'system 
will allow various closc-air-support aircraft, 
such as the A- 10. to pick up targets illumi- 
nated by either an airborne or ground-based 
forward air controller. 
* Infrared imaging devices provide a night ojp 
mr era Hon' capability for optical search and track 



systems* in addition to improved vision in in- 
clement weather. One major emphasis has been 
the application of technology for cost reduc- 
tion in the modular FUR (.Forward Looking 
Infrared )„ program, which will enable 

, widespread employment of infrared imaging 
devices. A major thrust for the future is the 

'development of two-dimcjisioiial arrays of in- 
frared detectors to provide increased sensitivity, 
resolution, compactness, and reliability. 

• A major advance, in visible sensors has been 
achieved, in the. development of a miniature 
solid-state TV camera using charge coupled 
devices (CCD) . This provides self scanning of 
the scene, thereby eliminating , the vacuum 
tube, electron beams, high voltage supply, and 
filament. Apart from its size and reliability 
advantage, the camera has exceptional dynamic 
range (.5(10 to one) , greater sensitivity than 
vidicon tube* for low-light level viewing,'* J0- 
megahcrt^^cTata rates, and digital system com- 
patibility with sampled data outputs. Current 
technology 'efforts arc directed toward larger 
arrays for increased resolution and technic] ties 
to extend the long- wave lejigth response into 
the infrared. J ? 

• Fiber optics research has led Jto/Tiberjl'.#nh verv 
low loss and to military quality cojiricctors and 
transmitter- receiver modules/ Fiber optics in- 
stalled on the A-7 aircraft demonstrated the 
potential fpr lower weight and volume by fac- 
tors of -20, increased reliability, lower initial 
and life-cycle costs, elimination of radio fre- 



quency interference problems, and rcdu 
nerabilfty .to battle damage. 




• Ring laser gvro.s are the subject of a coordi- 
nated Air Force, ,Navy. and Army program 
from exploratory through advanced develop- 
ment. The ring laser gyro has no Moving parts 
in the conventional -sense; instcaoVthe measure- 
ment of frequency change of the laser beam is 
used to detect attitude changes. This offers 
great potential for highci reliability and re- 
duced support costs. In addition, the laser gyro 
will.be more resistant, to shock, vibration, ac- 
celeration, and other requirements of a quick- 
response aircraft or missile environment. An 
experimental laser inertia I navigator has dem- 
onstrated an accuracy of better than H\o kilo- 
meters per hour of flight time in actual flight 
test., which,, is about ten , times better than 
previous lascr^gyro systems. Plans call for a 
completed navigation system in 1978 with 
production,, units available as early as 1980. 

• Kle( tro-oplic displays usin^ liquid crystals and 
light-emitting diodes are replacing cathode ray 
tubes and -incandescent lamps for those applica- 
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tions where weight, volume, and ruggedness 
are -at a premium. Current development efforts 
are aimed at cost-effective fabrication of larger 
" area displays. 

RF and Microwave Technology. Microwave 
technology f6r radar and communications is con- 
siderably more mature than electfo-optics, but con- 
tinues to show surprisingly vigorous evolution. 
First, for the signal ^generation function, solid-state 
devices satisfying the ldw power and.low noise re* 
qu.iremcrits at frequencies from UHF to millimeter 
waves have seen a decade of discovery and envelop- 
ment. Second, there have been major advances in 
our ability to carry out sophisticated signal process- 
ing^ ever shrinking package sizss, 

• Gunn effect solid-state sources have completely 
displaced low-power klystrons for local oscil-^ 
Iator and test generator applications from 5 
GHz (gigahertz) to 35 GHz because of their 
low AM and FM noise and convenient operat- 
ing voltages, typically 12 volts and less. Re^' 
liable operation for over 100,000 hours is now 
commonplace. <* . 

• Irnpatt diodes have shown impressive efficien- 
cies and power output in the range above 6 " 
GHz, where bipolar transistors have perform- >S 
ance deficiencies. Combining the power out- 
puts of several 30%-efficiency diodes has pro-, 
duced over 50 watts at 10 GHz/offering a new 
potential for medium-power solid-state trans- 
mitters. The advances have been achieved by 
increased understanding ^of the technology of 
gallium arsenide material. - 

• pallium arsenide is also important for the 
latest solid-state power source, the Field Effect 
Transistor (FET) . This device has recently 
demonstrated an output of more than one watt 
at 10 GHz, complementing its previously dem- 
onstrated low noise characteristics for signal 
detection. Its wide band-width and efficiency 
are of significance for Electronic countermeas- 
ures where a single jammer must handle many 
threats'at diverse frequencies. Current develop- 
ment efforts are directed toward increased yield 
to enable large scale integration of very-high- 
-speed FET ; logic circuits. 

• For fundamental, reasons, vacuum tubes con- 
tinue to supply* the high-power transmitter 
sources needed for 'search, acquisition,- and 
tracking radars. The emphasis here has been 
an increased reliability and lower life cycle 
costs. Combining puhe and carrier-wave per- 
formance in the sanft tube package is being 
pursued to achieve capability for electronic 
countermeasures with reduced volume. 
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• A niirjoTTechnological thrust is in signal proc^ 
essing to sort out target returns from cluttered 
backgrounds and to identify threat radars in a 

-3 dense electromagnetic signal environment. 
^ Charge-coupled devices, surface acoustic wave 
filters, and microprocessors have all played a 
role here. 

• An emerging interest is that of millimeter 
(mm) waves, which refers to wavelengths of 
one to ten millimeters, or corresponding fre- 
quencies of 30 to 300 GHz. Potential applica- 
tions. -fbr mm waves include target designation, * 

J air-tcr^round imaging, guidance for beam- 9 
ridingtmissiles, low-angle tracking of surface- 
hugging missiles and aircraft, and short-range 
communications. Radiometric area correlators,, 
which are airborne passive wave radiometers, 
are demonstrating the ability to navigate by 
using the naturaj radiation from surface fea- 
tures on the ground. If successful, the system 
will be very difficult to countermeasure and 
will operate in moderate rain, and cloudy, 
weather, where ^urreru infrared radiometer 
systems have difficulty. . 

Computer Technology. Exploitation of the 
phenomenal growth of, computer science is a major 
area of technological emphasis within DoD. Given 
the rapidly decreasing cost of hardware, a number 
of computer-based research areas offer the potential 
of providing ^ major impact on the aeronautical 
systems of the H)80s and 1990s. Major advances in 
hardware and software are occurring. 

• Low cost, compact, and reliable microcom- 
puters will revolutionize a variety of functions 

, in missiles apd aircraft., Air-to-ground missile 
target acquisition has been improved by adap- 
tive threshold gating to enable the missile to 
distinguish a targ'et from* the ground clutter 
and .noise/ Computer correlation of terrain 
features, slensed by radar or passive radiom- 
eters, with previously stored mapping informa- 
tion can now be used to update the gyro con- 
trols for precise navigation over long distances, ^ 

• Present aircraft contain as many as a dozen 
Siinicoinp titers, handling functions such as 
navigation, altimetry, fire control, weapon de- 
livery, search, and flight control. The Air 
Force's Digital Avionics Information System 
(DAIS) is a test bed to evaluate new systems* 
architecture, in which information is trans- 
ferred rapidly between the various parts with 
data processing at each sensor and data man- , 
agement via similar executive processors. In- 
creased flexibility and modularity ace^the po- 
tential benefits. V x ^ 



• In addition to research aimed at developing 
^better computer hardware, DoD is also placing 

. increasing emphasis on using hardware capa- 
bilities more effectively, primarily through % 
software improvements. The objective is* cosj, 
reduction of the estimated $3 billion DoD 
spends annually on software-related problems. 
The approach is to develop better tools for. the 
v ' software designer and to standardize on a mini- 
^ mum^ffumber o& higher qrder languages. 

Synthetic Flight Training 'Systems (SFTSj. Two 
major events have occurred during 1§77. First, the 
CH-47 Flight Simulator (FS), using a closed-circuit 
^television camera which roves across a three-dimen- 
sional terrain model in response to the pilot's con- 
trol inputs, was completed. The significance of this 
first. Army visual simulator is the "ability to perform 
various flight maneuvers, emergency procedures, 
and instrument flight at less cost and in complete 
safety. \ 

Second, the Army will complete its acceptance 
for testing of the AH-1 'Flight and Weapons Sim- 
ulator (FWS) . U$ing*a camem model boarcl similar 
to the CH-47 FS, put with a/wider field-of-view, the 
•j^H-l simulator is the first to incorporate weapons 
engagement along with the other flight maneuvers. 
The evolution will continue with the development 
of the UH-60 Black Hawk Flight Simulator which . 
will use a camera model board for one cockpit and 
a computer-generated imagery visual system for the 
other cockpit. Testing, to be conducted in 1979 will 
evaluate the training benefits of these two tech- 
nologies. Concept formulation is underway for the 
AH-64 Flight and Weapons Simulator, which will 
complete the evolution from s the UH-1 FS instru- 
ment training system to a full "combat mission 
simulator" with the capability to produce the 
soiind and fury of the battlefield. Development will 
begin in 1979 with jesting to^ !>e conducted in 1982. 

Research in Aircraft Propulsion Systems. The 
Advancedf Turbine Engine Gas Generator (AT- 
EGG) v program is the main Air Force propulsion 
program assessing core engine components under 
realistic • test conditions. The program has tradi- 
tionally assessed performance and has been incre^ 
ing in scope to include life cycle costing and struc- 
tural tfesting earjier in the engine development" 
cycle. Accomplishments in 1977 include several 
succes^tfl demonstrations of variable-area turbines, 
ver cost , design concepts and manufacturing 
methods, and burners with increased durability. 
Also realistic structural test methodologies have 
been completed by all participating contractors. 

The Aircraft Propulsion Subsystems Integration 
(APSI) program is another joint *Air Force/Navy . 
program. High-pressure turbjne engine cores from 



AYEGG are combined with low-pressure corfogo 
nents (fans, compressors, . and fan turbines) and 
inlets, exhaust nozzles, afterburners, and control 
systems to assess full-scale engines from the stand- 
point of installation considerations. The Joint 
Technology Demonstrator Engine (JTDE) pro- 
gram is part of ,APSL Accomplishments include 
demonstrations of variable cycle engine concepts ^ 
and verifying instalied performance increases while 
reducing fuel consumption by matching the engine '. 
cycle to changing flight conditions. The JTDE ef- 
forts are progressing toward demonstrations in FY 
1978 and 1979.- 

Alternate Fuels Program. The alternate fuels 
program is part of a long-term- coordinated effort 
among the services, SlASA, and the Department of 
Energy to ensure that liquid fuels obtained from 
domestic resources such as oil shale, tar sands, and 
coal will be *j$:eptablc in high-performance en- 
gines. The initial DoD effort is an experimental 
program to produce aviation turbine fuels from 
shale oil and coal. Results to date provide encour- 
aging evidence that the aviation industry can use 
fuel produced from the vvast U.S. resources of oil 
shale. 

Research in Helicopter Propulsion. The helicop- 
ter drive train and power plant have been sig- 
nificant contributors to high acquisition' and high 
operating costs. A number of programs are' under : 
way to reduce th«^t cost by developing design tech- 
niques that permit a gas turbine h to achieve high 
performance while maintaining a simple, durabld 
.design. An advanced centrifugal compressor pro- 4 
gram is underway to develop a high-pressurq-ratio 
compressor with a single centrifugal stage to re- 
place existing design** that have from two to five 
axial compressor stages in addition to the centri- 
fugal stage. The Army entered into contracts with 
Allison"* Division, General Motors, and AVCO 
Lycoming Division for a foin^year program to 
develop advanced technology demonstrator engines 
(ATDE) rated at 800 shaft h orsep ower. The^ATDE 
will reduce fuel consumption by approximately 20 
percent while inf^roving the ppwer- to- weight ratio 
and reducing the installed vulnerable area by ap- *\ 
proximately 50 percent relative to current produc- 
tion engines. The ATDE program utilizes trie re- 
sults of previous Army component research to 
|Jfl$vide a significantly more durable engine at an 
affordabl^cost. 

The drive-train program has focused on the ^po- 
tential for significant weight reductions with in- 
creased reliability. An advanced coupling program 
wasjeonipleted this year that promises to provic 
M : kilograln weight reduction \A the UH-fiAA. 
There are three active transmission program! to 
build- arid evaluate critical transmission ^cjampo- 
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nents. If these components are successful, transmis- 
sion weight could be* reduced by as much as 20 
percent, while cost could beyreduced by 20 percent 
and mean tinle between transmission removals 
could' be increased by up to iOO percent. 

Airdrop. The Airdrop Development Program has 
solved tlje age-old problem of inversion-type mal- 
functions of the main - personnel parachute. The 
anti-inversion net is^a basketball-type nylou nctf 
added around the circumference of the parachute 
canopy at the bottom and extending 46 centimeters 
down the suspension lines. The net prevents panels 
of the parachute from blowing through opposite 
suspens/on lines during parachute deployment. The 
> anti-inversion net has not only eliminated the in- 
version malfunctions, but has produced a bonus 
effect of practically no malfunctions of any type. 
In over 90,000 jumps with net-equipped parachutes, 
only two malfunctions* occurred. This achieves re- 
duced personnel, injuries and reduced pacachute 
maintenance previously caused by inversion burns. 
The modification program to add the anti-inver- 
sion net to. field stocks was completed in 1977. All 
new main parachutes are equipped with the net: 

Relationship with NASA ^ 

Aeronautics dnd Astronautics Coordinating Board 

The Aeronautics and Astronautics Coordinating 
Board (AACB^ \i the principal formal coordina- 
tion mechanism' between DoD and NASA. Major 
policy issues of mutual interest in aeronautics and 
space ar^e addressed. 

Reimbursement for Shuttle Services. In' June 
* 1976 NASA offered for comment a preliminary 
proposed policy on reimbursement for Shuttle serv- 
ices to DoD. This initial policy proposed consider- 
ing alf direct and indirect costers a basis for estab- 
lishing a price to DoD for a dedicated Shuttle 
flight. At the October 13, 1976, A J ACB meeting the 
Co-Chairmcn agreed to explore simpler. approaches 
r -to developing a fair, reasonable price for such serv- 
ices to DoD. An approach has now been agreed 
upon which is simple and encourages efficient op- 
erations, early transition frorh expendable launch 
vehicles to the Space Shuttle, provides pricing sta- 
bility, and establishes a mutually acceptable price. 
The DoQ reimbursement to NASA will be based 
orf the costs of materials and services, to be mu- 
tuary agreed upon. The DoD will provide the 
■ Vandcnbcrg Shuttle launch" support for all non- 
DoD users in return for provision by NASA of all 
Shuttle launch support from Kennedy Space Center 
and Shuttle flight operations support for all DoD 
flights. These services ^are projected to-be of ap- 
proximately equal value to e*eh agency. DoD will 



be charged a fixed price for the first six years based 
. on realistic average projected materials and serv- 
ices costs. For launches after the first six years, tne 
price will be adjusted annually, based on forecasts^ 
of annual costs for that year for materials and 
services. Details of the pol icy based on this ap- 
proach will be negotiated. 

FY 1978 DoD I NASA Facilities Cootdinatwn. 
Preliminary coordination was begun between 
NAS<4f and the Air Force for examination of facil- 
ity programs most likely to be of mutual interest 
or with high potential for duplication. The normal 
budgetary review process within each agency re- 
duced the number of proposals. The early start and 
detailed nature of the review, as well as the clesire 
to make most effective use pf , resources,, all con- 
tribute to assuring elimination of unwarranted 
duplication early in the process. The final DoD 
anc^NASA review involved Ij^DoD projects esti- 
mated to cost $70 million, :\tW22 NASA projects 
totaling $162* million. These facilities, were in- 
cluded in the President' budget. 

National Aeronautical Facilities Program-. Three 
facilities constitute the National Aeronautical. Fa- 



cilities Program: 

• The Air Force Aeropropulsion Systems Test 
Facility design is complete, construction 'Deci- 
ding is in progress, and the facility is proceed- 
ing within costs toward beginning operatiqn in 

4 1981. Congress appropriated the fujl $437 mil- 
lion for ASTF in FY 1977. 

• Modifications to the 'NASA 40-\*80-foot low 
speed wind tunnel are now in the^prelirainary 
design stage. Congress appropriated $6 million 
in FY 1977. The facility is scheduled for -com- 
pletion in 1982 at a total cost of $85 million. 

• The NASA National Transonic Facility is in 
the site-preparation stage. Congress appro- 
priated S25' million in FY 1977 and the facility v 
is scheduled to operate in 1982. 

Hi^ier-than-expected bids on the 'transonic-tun- 
nel shell and motor caused NASA tp institute a 
joint DoD/NASA reexamination of the^tetthel 
configuration.. It was concluded that while me fkisic: 
tunnel design is still valid, insulation and md$el 
angular travel capability, need to be increased, so 
the total cost will be about §85 million. The in- 
crease is primarily in higher-than-estimated bids 
(inflation) although some is'attributed to necessary 
design changes. DoD requirements have not been 
compromised either during design or as'A result of 
cost increases. '* \ * 

Shuttle Orbitcr Fleet Sizc^ The' timely a^aiL-rSil. . 
ity of an adequate natrfcnaffteet of orbiters to sup- 
port military as well as civil users ol the Shuttle is 
essential if the full capabilities of the Shuttle are 
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to be realized. Th<f fleet size must be based on total 
. national traffic— foreign % and domestic, civil and 
military-projected for the Shuttle. Extensive 
studies conducted by NASA, with Air^Ftffcc sup- 
port, over the past two years plus detailed reviews 
within .the Administration have. led, to the decision 
that NASA should proceed' with the production of 
four Space Shuttle orbiters. 

Use of Johnson Mission Control Center. Present 
DoD planning-for its Shuttle launches-is predicated 
■on the use jpf NASA's^ Johnson Mission Control 
Center (JXyCC) for simulation, training, and 
Shuttle fligh^ control for all DoD missions. How- 
* ever, as currently designed, JMCC cannot handle 
pay load, data for classified missions. A number of 
options for accommodating classified DoD launches 
in the^JMCC have been evaluated over the past 
year by both DoD and NASA^Recently a low-cost 
approach has l|^n defined to modifying JjMCC 
which will adequately protect' classified payload 
launches on the Shuttle with minimum disruption 
. to civil users. The validation of this approach, the 
/'controlled mode" concept, has been started. 

Joint Pro grqtqs , 

Rotor Systems Research Aircraft (RSRA ). A joint ; 
.Army-NASA contract for the design and fabrica- t 
tion of two Rotor Systems Research Aircraft has 
produced twe^research aircraft which will serve as 
"flying wind tunnels" for helicopter research. The 
aircraft design will permit in-flight testing of full- 
scale main rotor systems having from two to six 
blades. The; design also permits the addition of 
fixed wings and thrusting- engines that will permit 
rotor testing at flight) speeds, up to 450 kilometers 
per hour. These two aircraft will provide data that 
will help solve aerodynamic problems that are 
cuftfently mathematically intractible and cannot bo< 
solved- without the aid of precise flijght research re- 
sults. The Rotor, Systems Research Afrcraft, with 
Us firs*~*et of rotor blades, has completed its . first 
phase /of flight 'testing as a pure helicopter; it is 
presently being fitted with wings and thrusting en- 
gines to enter* further flight testing- in high-speed 
maneuvering flight. After establishing the basic 
capabilities of „the. research aircraft, they will be 
used to test and "optimize the performance of var- 
ious candidate rotor designs and to. obtain data for 
improvement in~rotorcraft prediction methodology. 

Tih. Rotor Research Aircraff (XV-15). Under a 
joint Army/NASA contract awarded in 1973, Bell • 
Helicopter Textron completed the fabrication of 
two Tilt Rotor Research Aircraft (XV^5) during 
the past year. The first of the two aircraft has been 
% extensively ground tested on a -.tied own test facility; 
its new design transmissions and vertical/horizontal 



running engines have now been operated for ap- 
proximately ' 60 hours. The first aircraft has also 
flown three hours of hover and low-speed tests since 
its new design transmissions and vertical/horizontal 
XV- IT) is completing opcralionaj, tests under remote 
control in preparation for full-scale wincWunncl 
testing in tlHLNASA-Amcs 40-x-80-foot wind tunnel, 
to be initiated in early 1 978. The second XV- 1.5 is 
Jhcing prepared for limited groun(S^sting prior^to 
entering contractor flight., tests early in* 1978 to 
establish the basic: THght characteristics for both 
helicopter and airplane modes of operation. 

Spacecraft Charging Technology. The Air Force 
Geophysics Laboratory (AFGL) is ' actively in- 
volved in the [bint USAF/NASA Spacecraft 
Charging Technology Program. In addition to de- 
veloping theoretical and empirical models of the 
natural" environment leading to spacecraft electrical 
charging at 'synchronous altitude, AFGL^is prepar- 
ing a handbook that.wij] document, the full range 
of variability of charged particles and fields that 
can be expected at this altitude. Data from the Air 
'Force Scatha .satellite, to be launched ifs 1979, will 
be included in- a future supplemcrtT to the hand- 
book. Scatha satellite instrumentation, supplied by 
the Air Force, will include electrostatic analyzers, 
^Hiargcd particle flux spectrometers, and electron 
and ion beam systems tcrasscss the feasibility of 
actively controlling satellite, charging and • dis- 
charging. Closed coordination* between the inter- 
dependent activities of the Air Force and NASA 
continue through the Joint USAf/NASA Space- 
craft; Charging Technology Program. Models of the 
energetic electron flux at satellite altitudes will be 
instrumented to measure -energetic electrons in the 
range 110 MeV. These measurements arc needed 
, to determine the dosage rates tha? satellite micro- 
. components will be subjected to under operational 
scenarios. * / 3 

Seas(H-A Data Processing. NASA and the Navy 
have, agreed to a cooperative effort for Seasat-X* 
data processing. Tftc Navy will do real time proc- 
essing of the NASA Sea sat- A satellite^ data ^ the 
JHcet Numerical Weather Central, and make-tjie 
processcd / data available to NASA for distribution, 
to the user community. The Navy will also demon- 1 
st rate the utility of the Scasat data as inputs to , 
global atmospheric and o<Teanographrc analyses, and 
forecasts. This NASA/Navy efforts-capitalizes on 
the significant Navy programs to develop ocearjo- - 
graphic applications for infrared imagery ,from the 
satellite data, and to (use the data in analysis of 
sea-surface thctmal structures such as locating 
oceanic froihs, eddies, and watcr"masses. The sur-, 
face temperature measurement and analysis capabil- 
ityfsupports the objectives of the National Climate 
Program. Several fleet exercises conducted in 1977 



-demonstrated the p6tentiai of utifizing satellite* 
' collected sea-surface temperatures for tactical ap- 
.plications in undersea Warfare.' 4 % 

Standqrd Atmosphere. The joint effort Wween 
National Oceanic and Atmospheri? Administration 

* (NOAA), NASA, and USAF which produced the , 
I' :\, Mandard Atmosphere (1976) continues. The 
joint publication has disseminated .the wealth pf 
knowledge of the uppgr atmosphere detained dur- 
ing the past solar cycle. Extensive rocket and satel- 
lite data acquired over more than one complete 
solar, cycle are incorporated. This" stiatosphe'ric ' 
measurement capability will provide important 
spiri-off benefits to the National Plans for Stratos- 
pheric Research and Monito^ng which are now 
being prepaid at the Federal level as a result of 
the growing concern over ozone depletion and en 

. * vironmental deterioration. 
V Astronaut Selection. DoD is fully cooperating 
with NASA in their selection of astronaut candi- 



elates for the , Space Shuttle Program. The selection!* 
from, over .80(H) applicants would be announced in 
1978. At present ,.(1977) DoP has eleven officers 
assigned as, astronauts, "tffl^of whom have prior ' 



spat e flight experience. 

Technical Development ' Supfart. DoD has de- 
tailed a nurfiber of technically trained persons to 
NASA tTKissist in programs of mutual interest. The 
techrroIogicXri transfer back to DoD in unique func- 
tional areai is important. The * total' * number of 
detailees untW the program in FY 1978 is 59 -(45 
from 'Air ForcWj from ftavy, and 6 from Army). 
They are working in a variety of operational and 
R&D programs .but most are associated with the 
Space Transportation System. The' latter activities 
•include space mission planning, avionics and com-' 
umnications security, crew procedures, payloads 
software, legistics, and facilities construction. 
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* Introduction 

* The Department of Commerce agencies con- 
tributing directly to the nation's aeronautics and 
space programs include the National Oceanic and 
Atmospheric Administration '(NOAA) , the Na- 
t tional Bureau of Standards (NBS) , the Maritime- 
Administration (MARAD) , the National Tele- 
communications and Information. Administration 

9 (NHA) , and the Bureau of the* Census. 

The long^ange goals of these organisations are 
to ensure wis\ use of the environment and its re- 
sources; to proVide standards and related services 
for; uniform ^nd reliable physical measurements, 
standard reference materials, and data to commerce, 
industry, and government; to' improve ship com- 
munications, navigation, safety, and management 
techniques; to provide specialized engineering, man- 

^ agement,,and advisory assistance on national tele- 
communications 'issues to other Federal ^ge^cies; 
and to provide information on population trends, 

Durban gro^t^. and internal structure of national 
land areas. ■,:'T>. ■ 

.These goals are accomplished by operating and 
improving the nation's operational environmental 
Satellite systems; by providing data to assess the im- 
pact of natural and man-in<Juced factors on such 
things as glob*f *'iood( supplies, national energy 
problems, and environmental quality; by conduct- 
ing fundamental research to improve man!s under- 
standing of thje environment; by using satellite data 
and aerial photography for charting, coastal map- - 
ping, and geodetic research; by improving weather 
services through the automation oL forecast and ob- 
servation stations, better 'radar systems, and con- 
tinued atmospheric research; by improving the 
assessment and conservation of 'all lining marine 
resources; by conducting telecommunications and 
infdrmation policy analyses, and navigation, tele- 
communication 4 , arid remote sensing studies to sup- 
'pt>x( communications services; by providing basic 
measurement and calibration methods for operating 
technical systems and engineering data for the de- 
sign, and construction of sophisticated space and 
aeronautics equipment; by using satellites to im- * 

. . . Se ' '• . ■ . 
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prove navigation, communication, and surveilJance 
of commercial ship operations; and by using satel- 
lite Jdata for demographic studies and population , 
'$ftimates. „ 

Spice Systems 

Satellite Operations 

Polar-Orbiting Satellites. During 1977, the Na- 
tional Environmental Satellite Service (NESS) of 
the National Oceanic and Atmospheric Administ- 
ration (NOAA) operated two satellites, Noaa 4 and 
Noaa 5, of the Injproved Tiros Operational Satel- 
lite (ITOS) series^N^oaa 5 is the primary opera- 
tional satellite and 4 is the in-orbit backup. ' 

Development of the \Tiros-N scries, tlie third 
generation of. operationaPjrolar-orbitiing satellites, 
is continuing. This series ofS^jellites will replace 
the present J ITt)S scried beginrrmg in late 1978. - 
Tirbs-N, the NASA Y^Qtotype, wilt be launchecWn 
mTd-1978; Noaa a/nOAA's first .opera tional satel- 
lite of this series, is- scheduled for launch in late 
197$. V. , s A ,\ - ' « % ?V. 

Installation" of the Tiros- N series 'ground equip- 
ment began at the NESS' Satellite Operations Con- 
trol Center in Suitl^nd, Maryland, in September 
k 1977. The major^components of the ground system, 
are the Data Acquisition and Control ^Subsystem 
(DACS) and the Data Processing and Services Sub* 
system (DPSS) . Trie DACS equipment will b&' 
located' at Wallops, Virginia; Gil more Creek. 
Alaska; San Francisco, California; Suit land, Mary- ; 
lano!; and Lannion, France. This systemwill acquire 
environmental and enjjineering^data and facilitate 
complete operational control of the , en tjre ground 
system and satellite. The data processing equipment 
will be located at the NESS computer facility and 
be integrated with the acquisition "system and a 
wideband communication network. The acquired 
data then will be preprocessed and conditioned for 
storage and products developed and distributed, to 
the users.** The data also will be retained for archive 
byythe Environmental Data. Service. 

Geostationary^ Satellites. Geostationary Opera- / 
tional Environmental^tellite Goes 2 was launched 
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June 16, 1977. On August 15, Goes L ; was positioned 
over the equator at 75° West. longitude to replace 
Goes 1 as the eastern operational satellite. Goes I 
was placed on standby in an orbit centered at 10.V 
West longitude. Synchronous Meteorological Satel- 
lite SMS 2 remained at 135° West longitude as the' 
western operational satellite. . 

Irt February 1977, N ESS increased to -72 the dailv 
• number of Weather Facsimile broadcasts from the 
two geostationary satellites. Each broadcast lasts 7 
minutes and transmits both processed images 'from 
the polar-orbiting satellites and unprocessed sectors 

- irom the two geostationary satellites, Plain-language 
operational messages related to the schedules and 

> planning, activities arc broadcast twice each day 
from the eastern satellite and once each day from 
the western satellite. These data arc received and 
tried by a. growing number of Department of De-j 
fensc and foreign meteorological agencies. In Octo- 
ber 1977, a limited number -of National Meteoro- 
logical Center conventional weather charts were 
broadcast daily from the eastern satellite at times 
other than the normal weather facsimile broadcasts. 
These broadcasts and routine imaging operations 
were made simultaneously. 

Satellite Data Uses 

Determining Winds and Temperatures. During 
1977, rcscarclrcontinucd on the automatic computa- 
tion of winds from cloud motions observed by geo- 
stationary satellites. One study compared simul- 
taneous wind vectors from identical clouds tracked 
by both' Goes 1 and SMS 2. Results showed that 
^the objective geographic registration of the infrared 
images was accurate within H kilometer* Median 
wind vector differences were 1.2 and 1.5 meters per 
second for computer-derived winds and for man- 
ually computed winds respectively. ' * 

In another study, an objective analysis, procedure 
for editing low-level picture-pair winds derived 
from geostationary satellite images has been tested 
with satisfactory results. The object is to eliminate 
inaccurate data. This technique will reduce, the 
amount: of manual editing by 12 /percent. Also, the 
'temperature slicing technicpic used to calculate 
low-level cloud motions has been modified by in- 
creasing the array size-used in the Calculations. This 
reduces the amount inaccurate data and presents 
a more coherent wind. 

A technique is being developed to define the Jow- 
levcl wind field around a hurricane. The compo- 
nents arc cloud motitfn wind vectors from high 
resolution visible images, the location of t^c luir- / 
ricane center, and n hurricane intensity . index.* 
When applied to data from Hurricane Relic (A41- 
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gust 19/6) , it produced results corresponding to an 
actual wind field. t 

Research was continued to determine why the 
subtropical jet stream arts as a soutJicrn boundary 
10 severe weather. An examination of five case 
studies was made to see if cold air in the high 
troposphere north of the jet is a contributing factor 
to deep instability. Detailed 200-iiiiHibar tempera- 
ture analyses showed a wedge of cold air between 
the subtropical and polar jet streams. Severe stdrms 
occurred where the 200-inillibar cold tongue was 
superimposed over the surface warm tongue and in 
areas of weak calculated divergence at upper levels. 

Work was continued to improve methods for ex- 
tracting meteorological information from the High 
Resolution Infrared Sounder data from the Nimbus 
■ 6 experimental meteorological satellite. Process! tig 
of data was completed 'for the Global Atmospheric 
Research Prbgram {GARP) Nimbus 6 Data Sys- 
tems Test periods 5 .and b. These data will be used 
to provide specifications for the First .GARP Global 
Experiment in 1978. 

Research was . conducted using Scanning Micro- 
wave Spectrometer data from Nimbus 6. Results 
showed that the data would be adequate as a lower 
resolution hack-up system to Tiros- N for deriving 
temperature soundings. These data also were used 
to estimate 700-millibar wind speeds in large ty- 
phoons and precipii.jtble waiter amounts over tropi- 
cal areas. The results showed fair agreement with 
conventional radiosonde measurements. 
. -Monitoring Global Radiation. Time averaged 
global heat midget .tlata from Noaa Scanning Ra- # 
diometcrs continued to be archived and compiled 
in 1977 and were used in many studies. In one case, 
radiative heating data for the 1975^and 1976 South- 
cast Asia summer monsoons were studied. The 1975 
monsoon had greater intensity than the one in 1976, 
and there were differences in radiative heating in 
Southern and Central Asia during the two spring 
and siimmer seasons. Also, snow cover over Soviet 
Central Asia was greater in the spring of 1976 when 
ttye monsoon was weaker. Substantial changes iir 
radiative heating, likely related. to monsoon devel- 
opment, were observed over much of the central 
and eastern tropical Pacific. Earth Radiation Bud- 
get data from Nimbus 6 continued to be used for 
monitoring global incoming* solar and outgoing 
terrestrial radiation and as a measure of the solar ■ 
constant. These data will valuable tools in con- 
ducting climate-related studies. 

Knowledge of the Earth's radiation budget is an 
^integral part of the nation's total climate program. 
In 1977, .NESS established a group of researchers 
to work with NASA on the development of an 
Earth Radiation Budget Satellite System (ERBSS) . 



The object of the F.RBSS. is to acquire radiation 
.budget data for understanding and predicting 
climatic change. The instrument designed to meet 
these objectives will measure reflected and emitted 
radiation over a broad range of spectral intervals. 
The ERB&S will derive radiation data from iiistru>^ 
incuts to be tarried on future NOAA-TiWlsr 
satellites and a NASA Applications Explorer Mis- 
sion satellite. 

Environmental Warning Services. Throughout 
I977 ; 'the GOPS Data Collection System <DCS) 
continued to grow irt size 1 and variety of uses: There 
ari ndv 22 national and international users par- 
ticipating in this progra'in 'whicfj incorporates near- 
ly 600 Data Collection Platforms (DCP). Some 
of .the new applications included deployment -of 23 
magnetometer platforms' for the International Mag- 
netospheric Study Progranl, relaying hurricane data 
from a C-130 reconnaissance aircraft, and imple- 
mentation of the first Aircraft-to-Satcllitc Data 
Acquisition and Relay platform on a commercial 
jet. Importance of the GOES DCS was realized in 
areas of tha country where the National Weather 
Service- (NWS) had DCPs located' to detect flood- 
. ing. NWS anil NESS developed procedures to col- 
lect data hourly whenever a flood threat arises. 
These procedures were used several times in 
Pennsylvania, Colorado, Oregon, and Texas. Dcm : 
onstrations of the GOES DCS also 'were presented 
to government officials in- Santiago, Chile, and to 
participants in the! World Meteorological Organi- 
zation's regional association meeting in Mexico 
City, Mexico. 

A major milestone ijt the development of the 
g6es DCS was reached w-hen a second generation 
ground processing system became operational on 
June 15, 1977. The, new ground system consists of 
computers located at the World Weather Building 
and the Wallops Command and Data Acquisition 
station, communication equipment between the 
computers, expanded channel capacity, real-time 
dissent i nation of collected data, and redundant 
equipment for emergencies. 

The GOES-Tap system, inaugurated in 1075 to 
provide sec tor- by-sec tor weather images from Goes 
satellites, was expanded during 1077 to serve 20 < 
Federal and 16 nonfederal users. The NWS also 
provided Tap service to users located" near ^thcir 
Wcathcr Service forecast Offices (WSFO). Dufing 
1977, WSFO Taj) service was increased to 72 sub- 
scribers. Lanira Airlines of Nicaragua became the 
first commercial airline to" use the GOES-Tap. 
During 1977, Lanira, along with eight otlic> Miami- 
based Latin American Airlines, used GOES-Tap 
images for aircraft routing over the Gulf, of Mexico 
and the Caribbean. Sectorized images were pro- 



vided every half hour by the Miami Satellite Field 
Services Station. 

During the .197(5-1977 winter, NWS forecasters 
received GOES enhanced infrared images that were 
used to display surface temperatures critical to frost 
predictions. The forecasting* technique wa\s tested 
operationally in support, of the Florida citrus indus- 
try. In the 1977-1978 wfmcr season GOES infrared 
data will be displayed in digital rather than image 
form. Digital temperature data arc expected to be 
more timely, accurate, and economical. 

Using GOES infrared temperature data, NESS is 
developing a digital cloud-top height display to 
detect the position, movement, and growth of 
thunderstorms. This technique will be further re- 
fined using the NWS Automation of Field Opera- 
tions and Services system. This will allow forecasters 
to monitor more objectively local thunderstorm • 
development from satellite data. Also under devel- 
opment is a set of digital satellite products that 
.show hurricane intensity, rainfall amounts, and 
solar insolation. °" . 

A quantitative method for analyzing tropical 
storm intensity uses GOES enhanced infrared im- 
ages. The procedure involves contouring the coldest 
cloud tops to sho\* certain temperature patterns 
that are related to the storm's wind speed, central 
pressure, and center location. This technique 
enables forecasters to estimate hurricane intensities 
at night when visible images are unavailable. 

GOES enhanced infrared * images are used to 
detect high concentrations of >1ow-level moisture. 
When skies are clear in -the efirly evening, moist 
air in the boundary layer will cause the land 
beneath it to appear darker than land under dryer 
air. This is because land under moist air cools at a ; 
slower rate. It is in these areaswhere fog is most 
likely to form later in the night. Thus areas with a 
high probability of fog formation can be predicted 
several hours in advance. > 

During 1977, specially enhanced visible images 
were used to locate fog areas ahd forecast the time* 
of fog dissipation. Early morning images were ana- 
lyzed for. ; fog brightness. Brightness is related to fog 
dissipation time. 

Work contintied.on the detection of haze and air 
pollution from satellite images. Earlymorning and 
late afternoon visible pictures, taken when the s\in 
angle is*!^, show these hazy, polluted 1 areas par- 
ticularly well. The haze often restricts visibility and 
can be a hazard to low-level aircraft, operations. 
Thus satellite images aid in making short-range 
forecasts of restrictions to visibility. 

Search and Rescue Support: In 1977 NESS con- 
firmed to provide, satellite data to support the U.S. 
Air Force and U.S. Coast Guard Search and Rescue 



operations.wThe California Wing of the Civil Air 
Patrol has been using .satellite images for Search 
and Rescue missions since 1974. Satellite pictures 
show weather conditions at the time the pilots were 
in distress. Up to 40-percent reduction in mission 
flying hours has been achieved by using satellite 
data. 

The Coast Guard used satellite data in its Search 
and Rescue missions to determine sea surface tem- 
peratures and ocean current boundaries. Sea surface 
temperatures are important to mission planning, 
especially in the winter when temperature differ- 
ences between the Gulf Stream and adjaosfit shelf" 
waters can be more than 17°C. This -caivWan a 
difference in life expectancy, as affected by expo- 
& sure, of several hours to several days and a radically 
different drift rate and direction. 

'Determining Ocean Conditions. ' Seasat-A is a 
NASA oceanographic satellite scheduled for launch 
"in 1978. It is designed to provide all-weather global . 
monitoring of oceanograpliic conditions using an 
array of microwave instruments an<* one visible- 
infrared instrument. NOAA will participate in a 
research and demonstration program using Seasat- 
A data as they apply to NOAA requirements. 
Thirty-five experiments are planned in the open 
ocean and coastal zone on winds and waves, cur- 
rents and circulation dynamics, surface tempera- 
tures, geodesy, and sea ice. Demonstration activities 
will involve meteorology, oceanography, geodesy, 
and living marine resources. In addition plans are 
under way to sponsor a few experiments by non- 
government organisations. 

f Ocean color research continues in support of the 
CoastTil Zone Color ^Scanner to be carried on Nim- 
bus-G, Scheduled for launch in 1978. The capabil- 
ity to acquire in situ optical measurements simul- 
taneously with remotely-sensed radiance data was 
demonstrated by experiments conducted in late 

' 1975. A more extensive ship and aircraft field pro- 
gram was carried out in the Gulf of Mexico in 
October 1977, by scientists from NOAA, NASA, 
the Scripps Institution of Oceanography, and Texas 
A&M University. The objectives were to provide a 
prelaunch in-situ data base for development of 
chlorophyll and tot,al suspended sediment models, 
to standardize measurement procedures for these 

. . 4 parameters, and to fest instruments for acquisition 
o£ spectral irradiance data. 

The Scripps Institution of Oceanography, sup- 
ported by NESS, completed development on the 
bio-optical state of the. ocean which can be charao 
terized by determining certain optical parameters 
as a -function of wavelength Then bio-optical state 
can be related to chloroplnil concentrations, which 
further can be linked to other important biological 
features of the ocenn. Satellite optical measure- 



ments, like those expected from the color scanner, 
can provide otherwise virtually unobtainable infor- 
mation on the detection, growth, arid decay of 
plankton. Such information can provide a better 
understanding of marine ecosystems. 

Wean monthly sea surface temperature fields, 
derived from satellite infrared measurements, wore 
compiled for the past several years. These thiwvv 
were used to construct annual-change and anomaly J 
charts for possible use in long-range weather fore- . 
casting and climate cfynamics studies. One interest- 
ing feature was a large cold-water anomaly that 
developed in the North Pacific in the autumn ol 
1976 and reached peak intensity in February 1977. 
A similar anomaly appeared to be developmg in 
the same general area in late summer 1977. 

NESS is using GOES visible and infrared digital 
data to produce- composite sea surface- temperature 
gradient maps. By using GOES images at, various 
.times of the day, a cloud-free composite of the sea 
surfade^hermal structure is displayed. During 1977. 
this ua^y composite was used to determine the posi- , 
tion of the Gulf Stream and the Gulf of Mexico 
Loop Current. The Satellite Field Services Stations 
have prpvided this information to commercial and 
sports fishermen, recreational boaters, and th£ ' 
merchant marine. 

In March 1977. work began on preparing^ maps 
showing ice conditions in the Labrador Sea and 
Davis Strait. These maps, derived from Noaa .5 
and Goes 1 satellite images, were disseminated three 
times a week to the Coast Guard as'an aid to navi- 
gation. Also, the Coast Guard was briefed on*, cloud . 
conditions over its International Ice Patrol' area, 
based on satellite images. This information saves 
. aircraft time and reduces operating costs. NESS 
also continued to prepare and distribute ice maps 
of Alaskan Coastal waters for shipping interests for 
the fifth consecutive year. 

High-resolution images from Landsat 1 *and 2 
-were used by NOAA's Pacific Marine Environ- 
mental Laboratory to compile an atlas of under- 
water internal waves off the North American east 
coast, the first large-scale view of this phenomenon. 
The data were used to prepare tw<T oceanographic 
investigations of internal waves. 

Scientists from NOAA's Outer Continental Shelf 
Environmental Assessment Program used sea sur- 
face temperature data from NOAA satellites in con- 
junction with radiographic, data to map surface 
currents in the Gulf of Alaska. This program sup- 
ports the University of Alaska in acquiring and 
cataloging remote sensing data from satellites and 
aircraft and distributing these data to sdErUists in- 
volved in Alaskan studies. 1 \ 
NOAA's Wave Propagation Laboratory devel- 
oped a method of using satellite radar altimeter 
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data to determine sea state. This method has been 
applied to a limited amount of Geos 3 altimeter 
data, producing estimates of significant wave height 
to 0.6. meters accuracy over 70 kiloineter-square 
areas. 

Determining Lake Condition*. Analysis of satel- 
lite infrared data over the Great Lakes during 
November 1976 showed the lake surface tempera- 
tures to be an average of 5°C cooler than on the 
same date in 1975. These low temperatures prev 
ceded one of the heaviest ice years on record. On 
February 7, 1977. Noaa 5 satellite data showed Lake 
Michigan was completely frozen over for the first ■ 
time in 20 years. 

NO A As Great Lakes Environmental Research 
Laboratory and NESS used satellite multispectral 
images to map reflectance ^patterns from calcium 
■ carbonate precipitation in- idle Great Lakes. This 
milky-water phenomenon, called a whiting, was px- 
/ amincd over a 4-year period^ Results showed that 
whitings occur regularly during the summer and 
fall in Lakes Ontario, Erie, and Michigan. 

Determining Hydrological Conditions. NESS con- 
tinued to produce satellite maps of snowcover in 
about two dozen United States and Canadian river 
basins. Nearly 500 snowcover maps were compiled 
.between November 1976 and June 1977. Users were 
.the National Weather Service, U^. Geological Sur- 
vey, Corps of Engineers, Soil Conservation Service, 
^nd Bureau o£ .Reclamation. These maps were used 
to help assess. the extent of the 1977 drought in the 
Western United. States. Snowpacks in the high ele- 
vations of Wyoming, Colorado, Idaho, California, 
and Oregon, were found to be*the lowest or near 
the lowest on record. Using Noaa 5 VHRR. images, 
mid-April a real snowcover for California's Sierra 
Nevada Mountain Range was determined to be 
only one third of what it had been on the same 
date in 1975. Satellite derived snow and ice cover 
maps were transmitted daily to NWS hydrologists 
in the middle Atlantic and northeastern states. This 
information was used to prepare river and flood 
forecasts. Regional hydrologists found the informa- 
tion to be especially useful because this section of 
the country experienced one of the most severe 
w Alters, in "history. 

A technique for estimating hourly rainfall from 
convective clouds using enhanced, infrared and high 
resolution visible satellite images was field tested in 
1977. Field tests were conducted by hydrologists at 
the Weather Service offices at Phoenix, Arizona, 
and Lubbock, Texas; the Kansas City, Missouri, 
Satellite Field Services Station; and the Division of 
Hydrology in Caracas, Venezuela. Preliminary re- 
sults show successful identification of areas of no 
significant rainfall and reasonable estimates of total 
rainfall in heavy precipitation areas. This tech- 



nique will aid in monitoring areas of convective 
rainfall for agricultural uses and flash flood warn- 
ings. It is. especially useful for areas where no re- 
porting stations are present, or where surface re- 
ports are delayed by pooi* communications. 

Also, GOES visible and infrared images were 
.used to develop a. digital enhancement technique' 
for estimating rainfall rates and potential rainfall 
for tropical storms. The National Hurricane and 
Experimental Laboratory used this technique to* 
prepare, rainfal^ estimates for the National Hur- 
ricane Center s warning services; The NWS River 
Forecast Center at San Antonio, Texas, used this 
information to monitor heavy rainfall continupusly 
as rturricanc Anita crossed the Texas-Mexico coast 
v hi September 1977. • 

^J'he NWS collected rainfall data from 61 un- 
manned sites in its Automatic/ Hydrologic Ob- 
serving System. These data were transmitted to 
River Forecast Center^viax^lie GOES Data Collec- 
tion System and weTc used in the river and flood 
forecasting program. 

NESS completed a series of sateMite-derived snow- 
cover maps and graphs o^ North America and 
Eurasia for the period November 1966 to Septem- 
ber 1977. The maps showed the monthly variation 
of snowcover, and the graphs showed the monthly, 
seasonal, and annuaj variation of snowcover on 
each continent. A 12-month running mean' of 
monthly values showed no significant fluctuations 
or trends for North America, but two large increases 
in snowcover were observed for Eurasia. One of 
these occurred in the 1971-1972 winter and the 
. other in the 1976-1977 winter. 

A study was made of near-infrared reflectance 
from snow using Skylab multispectral scanner data. 
Results showed that reflectance over uniform snow- 
pack is'significantly lower in the near-infrared than 
in the visible red part of the spectrurrt, and that 
the near-infrared can be used to distinguish ob- 
jectively between snow and clouds. More data are 
needed to clearly distinguish between snow reflec- 
tance measurements made in the laboratory and 
those obtained from spacecraft and aircraft. 

Monitoring Agricultural Condi lions'. In coopera- 
tion with the Great Plains Agricultural Council 
and the U.S. Department of Agrfculture, NESS 
joined in an effort to develop a technique for esti- 
mating solar insolation over the Great Plains using 
GOES digital data. The parameters measured were, 
surface brightness, cloud brightness, cloud cover, 
precipitable water, and surface pressure. The first 
three parameters were determined . from satellite 
data and the last two from surface measurements. 
These data are presently .being correlated wjth sur- 
face truth pyranometer data provided by the Great 
Plains Council. Eventually, the insolation data may 
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be incorporated into yield models for sorghum and 
wheat crops. 

Fisheries Monitoring. During 1077, .NESS con* 
tinued to produce charts showing ocean thermal 
• fronjs, observed from high-resolution satellite data, 
^ along the California coast. The Ocean Services Unit 
at Seattle began issuing similar information for the 
offshor^ waters of Oregon and Washington. It* is 
known that nutrients and plankton important to 
the food chain for fish arc concentrated along these * 
fronts as a result of seasonal upwelling. For the 
past three years, these charts have been used by 
West Coast tuna and salmon fishermen to loeate 
productive fishing aVeas. In spite of increasing fuel 
costs and more stringent fishing regulations, the 
commerc5«l^rtshermen have improved . '. their effi- 
ciency and reduced overfishing of small areas. In » 
1977, this service was expanded to the northwtjsT^ 
Atlantic and Gulf of Mexico. The swordfish indus- 0 
try is being provided -weekly Gulf Stream analyses, 
and^some fishing companies are purchasing satel- 
lite images for direct use in their fishing operations. 

The National Marine Fisheries Service, in coop- 
eration with other Federal and private agencies, 
initiated research to use satellites for tracking por- 
poise migration in the eastern tropical Pacific. A 
preliminary study was conducted by fitting trained 
porpoises with small transmitters capable of operat- 
ing a year and relaying position data via the Nim- 
bus 6 Reniote Access Management System. Data can 
be received for up to 200 platforms within the satel-' 
Ike's view and from 1000 platforms per orbit. 

The Fisheries Service also participated in* Sea- 
sat- A prelaunch studies conducted off the coast of 
California during the spring of 1977 to determine 
if a scatterometer system would provide accurate 
measurements of winck stresLf^^e^in estimating 
water movement: Tesrrfesults wiit^e'a^ilable^earTy-l' 
in 1978. The objective is to ^valiftte t^ie" potential 
of space-borne scatterometer measurements for im- 
proved yield predictions for certain estuarine- 
dependent fish. The survival of these species is 
dependent on the egg and larval stages being trans- 
ported by surface water currents to estuarine nurs- 
ery grounds. * 

The National Fisheries Engineering Laboratory, ** 
in cooperation with NASA and the Coast Guard, 
investigated the-use of space-borne Synthetic Aper- ■* 
ture Radar systems for fishery management and 
fishing vessel surveillance. Preliminary results were 
published this year 'describing' tests of vessel' sur- 
veillance conducted over concentrations of foreign 
vessels in the Bering Sea. Detection of a broad 
range of fishing vessels seems certain, but questions 
remain 1 concerning additional information such as 
vessel Speed, direction, activity, and size. . 



Other Uses of Satellites and Space 

International Cooperation ' * 

Sharing Data. More than 120 countries receive 
low-resolution Automatic Picture Transmission 
(AP T) .images* and a dozen countries also receive 
high-rCsolution images. 'from NOAA polar-orbiting 
satellites. Another 20 hiWh-rqsolution stations are 
planned, including one at McMurdo Sound, Ant- 
arctica. Ten countries in the Caribbo|p and in 
Central and South America also "receive Weather 
Facsimile (WEFAX) images from geostationary 
sate I Ikes, and*ncw stations soon will be operating 
in Western Europe, Africa, and some Pacific Ocean 
sites. 

The National Weather Service, under the Volun- 
tary Assistance Program for the World Meteorolog- 
ical Organization, established combination APT/ 
WEFAX stations with improved satellite video 
capability in Costa Rica, Honduras, and Guatemala 
in November and December J977. These stations 
can receive data from polar orbiting and geostation- 
ary satellites aijxj will be the prototypes for eventual 
replacement of older APT equipment. The capa- 
bility ^of the satellite to relay environmental data 
to ground stations within the satellite's transmis- 
sion range has improved the observation and pre- 
diction efforts of many nations. 

These data recently have been used by the U.N.* 
Food and Agricultural Organization to suppress 
"'locust emergence and migration in northern Africa. < 
They have been used to support exploratory oil 
.drilling activities in the North Sea and Canadian 
Archipelago; to estimate snowfall in Norway for 
fiydro-elcctric power generation; and to improve 
flight forecasting, flood control' efforts, marine 
transportation, and research' in weather modifica- 
tion injnauy countries, Much international good 
derived- from cooperation and coordina- 
tion, among nations using this form of space tech- 
nology.^ 

:The'Unitcd States and the Soviet Union con- 
tinued to exchange satellite cloud pictures during 
1977.. During the year the Soviets launched^ new 
series of satellite called Meteor .2. The visibje and 
hifrarcd radiometers on this satellite appear to have 
environmental monitoring capability close to our 
ITOS series. Photographs received from the satel- N 
lite have a resolution of about 2 kilometers. In ad- 
dition the United States received datajfrom Meteors. 
24 through 28 and sent data from Noaa 4 and 5 
to Russia. « ■ 

D wring 1977, the Department of State, Agency for * 
International Development (AID) , was provided 
with cloudcover data over the sub-Sahara part of 
Africa and the Caribbean area foi* use in deter- 
mining the probability of precipitation. As part of 
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the tropical storm suryeillance program, high 
winds and potential flooding in tropica] areas of 
the -world also were monitored. 

Demographic Studies. The Bureau of the Census, 
supported by AID, demonstrated the use of Landsat 
data in demographic studies. Studies for Bolivia 
and Kenya were com pie te4 in 1977, and the results 
documented the use of satellite images in preparing 
Population and Housing Census operational maps. 
The reports also noted the relation of land cover 
to population density. 

The Census Bureau also continues to study the ■ 
use of Landsat data in domestic census activities. 
An Applications Systeun Verificaticm and Transfer 
agreement was signed with NASA. The experiment 
•will test the utility and cost effectiveness of using , 
computer-processed Landsat data for delineating ^ 
* urban fringe zones aVound'the nation's major met- 
ropolitan areas. Urban land cover, recorded by 
Landsat, is being compared with photographs from 
high-altitude aircraft and other cartographical ly 
prepared products. If Landsat proves useful anH 
cost-effective for monitoring the geographic expand 
sion of urban areas, a larger sample will be tested. 

Weather Modification 

NOAAs National Hurricane and Experimental 
Meteorology Laboratory used satellite data for its 
research into the development and modification of 
convective cloud systems. Studies were initiated to 
apply rainfall estimates from satellite images to the 
analyst of cumulus modification experiments over 
an extended area. Satellite data promise to be im- 
portant for diagnosing larger-scale effects of 
weather modification.. 

Xhe Laboratory also used satellite data in hur- 
ricane research. Data collected with satellites, air- 
craft, and radar from Hurricane Anita (September 
1977) are being analyzed to determine if systematic 
oscillations of cloud growth occur, if satellites can 
track cloud elements at speeds corresponding to ob- 
served wind speeds, and if characteristic cloud de- 
velopments occur that can be related to present 
storm strength and potential for future develop- 
ment. . ' «. g * 

. J ' \ .. 
Determination of the Earth's Shape and 
Gravity Field 

NOAAs National Ocean Survey and the Joint 
Institute for Laboratory Astrophysics made com- 
puter simulations of observations on the Lageos 
satellite by laser stations and determined geodetic 
station positions on the Earth with mean errors less 
than 5 centimeters. This method was limited in ob- 
taining the desired accuracy because of limited 
knowledge of the Earth's gravitational field. Im- 



proved Doppler data and more refined, data proc- 
essing have reduced positional errors to less than 50 
centimeters for 40 stations and 10 to 25 centimeters 
for differenced positions. Comparison with the ex- 
ternal standards of Very Long Baseline Interfcr- 
omWy position determinations and the High 
Precision Transcontinental Traverse yielded com- 
parable accuracies. A high-quality aerial camera is 
being developed and tested to provide hither den- 
sity geodetic control more quickly and economically. 

The altimeter data base set\up for me Geos 3 
satellite now contains more thai! 1500 passes. These 
data have been enhanced through improved analy- 
sis techniques and have produced more accurate 
solutions for the Earth's Gravitational field. The 
Ocean Survey continu£cTu> work with NASA in 
setting up methods and programs for using altim- 
eter data from Seasat-A for geodetic purposes. 

Analysis of Geos 3 and a Navy navigational satel- 
lite data for determination of ocean tidal ampli- 
tudes has confirmed that standard published ocean 
tide models^ffre in error by a factor of one-third. 
As a result, a value for the acceleration of the Moon 
has been determined. This supports recent analysis 
of long-term astronomical observation's. 

On January 10, 1977, the Survey, the Defense 
'Mapping Agency, and the Groupe de Recherches 
de Geodesic, France, started making Doppler ob- 
servations at the Ukiah California Latitude Obser- 
vatory, to support the* French experiment to 
determine polar motion by Doppler tracking of ar- 
tificial satellites. The Survey started* a new project, 
Polar Motion Analysis by Radio Interferometric 
Surveying (POLARIS) , to monitor polar motion 
and Earth rotation with improved spatial and tern- - 
poral resolution using radio interferometry tech- 
niques. The POLARIS data will have wide applica- ^ 
tion in deep-space navigation, celestial mechanics, . 
relativity, and "Earth evolution studies. 

The National Bureau of Standards has investi- 
gated the use of a single photo-electron laser rang- 
ing technique to reduce the cost and. increase the 
accuracy of satellite ranging stations! Preliminary 
studies indicate a 1.5-centimeter accuracy in rang- 
ing to the Lageos sateltfte. Under development- is 
a 3-wavelength ground-to-ground laser distance- . 
measuring system* with a 50-kilometer range and 
an accuracy of one part in 2(^milliom The. system 
is intended to provide accurate geodetic ties to a 
surrounding network of niarkers from a site whose 
location is determined by satellite or lunar laser 
ranging stations or long baseline interferometry 
stations. 

The use of high-accuracy range measurements to 
an orbiter around the planet Mercury for testing 
gravitational physics was studied. A check on a 
possible change in the gravitational constant with . 
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time may be possible. Much improved checks on a 
number of other aspects of present* gravitational 
theory- also could be performed with such a mission. 

; Satellite Communicatio^ 

Communications Studies. The Office of Telecom- 
munications published a study comparing the re- 
liability of submarine cable and satellite communi- 
cations. Data from the American Telephone and 
Telcgraph^ompany's overseas message telephone 
t^irpims fronA 1970-4975 were used. Comparisons^! 
^^l 1 9&i* lQ S1X y cars P rov, "ded summaries of causes 
^of-aible^tjutagts and ways in which service was 
restored. Satellite communications were found to 
be more reliable. . 

► A,>tudy was published on , tht ; aspects of direct 
9 ^.Soicc communications from a satellite to individual 
^f<^^^ es for natural disaster warnings. The use of 
j^j^Jljiome radios and ^television sets for receiving these 
Signals appeared remote., , - 

J T. nrc c 'computer programs were developed and 
"published, that will automatically check the c-oni- 
r p liance of fixed Earth stations' with international 
• power and antenna beam t pointing restrictions; 
-,_ help engineers maximize satellite antenna, coverage 
\; over particular portions of the Earth, while min- 
imizing; the effects of interference to other tclccom- 
mimication systems; and calculate contours of 
power- density measured at geostationary orbit. 

Commercial Satellite Service. The Maritime Ad- 
ministration continued to expand its program of 
commercial satellite communications, In 1977 the 
' Maritime Satellite (MARISAT) consortium an- 
nounced commercial services from the Indian 
Ocean. The number of U.S.-owncd vessels equipped 
with MARISAT terminals tripled, and the world 
fleet doubled in 1977. The MARISAT satellite 
communications system has opened 24-hour tele- 
phone and teleprinter service to ships at sea. Luxury 
liner passengers can now make ship-to-shore tclc c 
phone calls directly from their staterooms. Cargo, 
ships can avoid ports shut down by strikes, pick up 
new orders, and shift cargoes from one ship to an- 
otrrcr enroutc. Oil tankers operating between 
Alaska and other U.S. ports can kcep^in contact 
*' with the home office. Canadian ice-breakers, whose 
mission it is to keep Canada's far-north sea lanes 
open for ,the shipping of supplies and equipment 
for resource development, can maintain constant 
communication with the Ministry of Transporta- 
tion. Underway oil drilling rigs located in the Gulf 
of Alaska can communicate with their headquarters 
on shore. Satellite communications mean more 
.efficient cost-cutting traffic management. 

Satellite Antennas. The National Bureau of 
Standards extended the development of near-field 



theory and measurement techniques for microwave 
antennas. It is now possible to perform accurate 
near-field measurements in the laboratory. Accurate 
g«'Hli, pattern, and polarization data are obtained 
for prelaunch testing of complicated multiantcnna 
b satellite systems and the terrestrial evaluation of 
ground stations. 

Orbiting Standards. Test and measurement meth- 
ods for the Orbiting Standards Platform are being 
defined. The Bureau of Standards will provide the 
required standards and carry oiit the satellite post- 
launch verification program. The platform will be 
accessible to virtually all users of satellite systems 
and will provide more reliable calibrations than 
can bc\ achieved by other techniques. 

"Time Scrxnccs. During 1977, time code transmis- 
sions on the 468-MHz frequency 'were continued 
from l*th GOES satellites. Improved satellite posi- 
tion prediction techniques resulted* in time code 
performance of better than 25 microseconds. A 
commercial version of the GOES satellite clock 
sysLcm now is available* The GOES time code is 
in use or being considered for use in scientific data 
monitoring and correlation, navigation, communi- 
cation systems, and electric power networks. 

The Bureau of Standards has developed an ex- 
tremely accurate atomic clock for satellite use. The 
device uses atomic hydrogen and has design features 
that are adapted to remote control in space. Other 
rrtomic clocks, based on cesium and rubidium 
resonances, were tested in a simulated space en- 
vironment. These atomic clocks arc critical com- 
ponents in world-wide, satellite-ba.sed navigation 
systems intended for space, air, sea, and ground 
position location*. 

- . * . Space Support Activities ' 

Weather Support r ' 

Launching Activities. During 1977, the National 
Weather Service provided meteorological support 
to Life Space Shuttlc.rf.andsat, ^oyager, Seasat, anS 
the Rockctsondc and Atmospheric Q^one Measure- 
ment Programs. For the Space Shuttle, support was 
principally background and planning studies of at- 
mospheric conditions at launch and landing sites. 
Landsat support required forecasts of cloud-free 
areas tinder the orbital path of the satellites. For 
the Voyager mission, forecasts were used to develop 
programs to maximize return signals from the 
spacecraft Sea sat support consisted of "obtaining 
surface truth data for evaluation of the radar altim- 
eter cm Geos 3* Meteorological support was pro- 
vided to the Wallops Flight Center for its rocket- 
sonde and atmospheric ozone projects. 
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Solar Activity 

The NOAA Space Environment Services Center, 
operated jointly by NOAA and the U.S, Air Force, 
is the National and World Warning Agency for 
disturbances on the Sun, in space, in /the upper at- 
mosphere, and in the Earth's magnetn^field. Alerts 
and measurements pf these disturbances arc pro- 
vided to scientists in space "physjcs and geophysics 
"for planning scientific stw|Iies and experiments. The 
largest of these, the International Ma'gnetosphcric 
Study (IMS) , is an international cooperative scien- 
tific program (1976-1979) designed to provide a 
better understanding of the dynamics of the garth's 
external magnetic field. The Center supported the 
IMS with data collection^ and dissemination, and 
predictions,, that were used to schedule satellite 'op- 
erations, rocket launches, and ground-based experi- 
ments. Similar information was provided to both' 
military and civilian communication satellites and 
military reconnaissance systems. The primary data 
systems usedfwere the Space Environment ivfr^jitor 
and Solar Proton Monitor on the GOES and ITOS 
satellites, the Global Solar Flare Patrol operated 
by NOAA and the Air Force, and data collected 
from the International Ursigram and World Days" 
Service. .<.. -. 

The Environmental Data Service operates the 
eWorld Data Ceriter-A fo* Solar-Terrestrial Physics. 
Last year World Data Centev-A established a tem- 
porary IMS Central Information Exchange Office. 
This office is responsible for informirrg*satiellite. 
rocket, balloon, and ground-based experimenters 
about accomplishments, programs in progress, and * 
future program plans for the duration of IMS. Op 
portunities for program coordination are stressed 
and have resulted in satellite experiment reconfig- 
urations, rocket launch schedule changes, and re- " 
positioning of experiments from the surface to 
satellite altitudes. Prompt ' notification of special 
data collection opportunities based on multiple 
satellite configurations .has been provided weekly 
toj scientists. An address list of participating scien- 
tists -was prepared, and distributed to 2P00 persons 
to facilitate , direct contact between scientists. 
Monthly IMS newsletters carry the bulk of pro- 
gram information, maps, and news 6f preliminary 
scientific results. 

Space Processing Research ' • ' 

NEw research efforts were started by the' Bureau 
of Standards to support NASA's program pf using 
the Space Shuttle 1 as an orbital workshop for mate- 
rials science. The advantages of low gravity con- 
ditions in materials processing and thermochemical 
measurements on reactive oxides were evaluated. In 
addition, measurements and calculations were in- 



itiated to determine the effects of gravity on liquid 
flow and flame propagation and inhibition. 

Space and Atmospheric Research 

Space Physics I 

Interplanetary Physics. \JXe NOAA Space Envi- 
ronment Laboratory made dynamic, multidimen- 
sional computer simulations of solar flares using 
Skylab observations as a guide. This work, per- 
formed in collaboration with the University of 
Alabama in Huntsvillc, enables simulation of dis- 
turbances that.travel from the Sun to the Earth. 

Several models of the chemical composition '(pro- 
tons, electrons; and ionized helium) of the steady 
solar wind have been studied. One model considers 
n on radial flow near the Sun while another con- 
siders radial flow fjrbm the Sun to any point in 
space. Recent workj^ias suggested that the pcridfi 
from 1645-1715, when there was visible absence of 
solar activity, 'showed a steady, magnetically feature- 
less, low velocity! solar wind flow around the 
Earth's magnctosphere. 

Hydrogen cyanide has been observed in the* Jo- 
vian atmosphere in quantities greater than ex- 
pected. Seeking to explain this, the Bureau of 
Standards has developed a mechanism to measure 
the rate constant for hydrogen cyanide formation. 
Improved thermodynamic values obtained through 
infrared absorption and mass spcctromctric studies 
have .been obtained for methyl and methylene radi- 
<als. These species arc important iii the chemistry 
of Jupiter and arc derived from the decomposition 
of methane by solar* radiation. ' . ' , * 

Techniques to analyze ultraviolet spectra arc be- 
ing developed using chronlosphcric models for solar 
active regions, and the study of wave modes iii the 
solar chromosphere and transition region is under 
way, Using Osp 8 observations. Spectrohcliograrns 
obtained from the Naval Research Laboratory's 
Skylab experiment have been used to study the 
formation of neutral and ionized helium lines in 
the solar atmosphere. Observations of cool stars 
have been analyzed to derive chromospheric models 
and estimates^ of the gravity-dependence of non- / 
radiative heating in these stars. The first extreme- 
ultraviolet observations of a flare star, Prtixima 
Centauri, obtained from an experiment on Apollo- 
Soyuz, were analyzed in terms of coronal properties 
of this star.-This information will be useful to radio 
astronomers all over the world. 

Atmospheric Physics , 

■» . 

Ionospheric Physics. Space Environment Labora- 
tory scientists used solar x-ray ^measurements front 
the GOES satellites to detect solar flares. Research 



was started to detect these explosions on the Sun ' 
before their x-ray and extreme ultraviolet flux in- 
tensity increased enough to significantly affect the * 
ionosphere. One use of early flarc-dctcctfen systems 
will be high time-resolution measurements to de- 
termine the ionospheric effects of solar flares. 

Magnetospheric Physics. Analysis of,energetic ion 
data in xhe interplanetary medium outside the 1 
Earth's magnetosphere shows these particles have 
originated from the magnetosphere. The Earth thus 
joins the Sun and Jupiter as a source, within the 
solar system, of the. energetic particles and low- 
energy cosmic rays ffound iii the interplanetary me- 
dium. Scientists halve concluded that the extra- 
terrestrial ring currimt is not epmposed of solar 
wind protons, but of heavier ions of helium or 
oxygen, The theory, proposed last year, that the 
ionosphere? rather than the solar wind is the major 
soui/e of energetic: radiafi>n-bclt ions, has been 
confirmed by observations that show ions^of iono- 
spheric: origin jetting upward toward the" outer 
magnetosphere where they are trapped and produce 
the ring current. Evidence is mounting that the 
process which energizes ionospheric ions and injects 
them into the magnetosphere is* the same process 
which jets electrons from the magnetosphere into 
the atmosphere to produce auroral displays. An 
auroral, theory has been developed that the iono- 
• sphere's* cleniand for electrical current from the 
magnetosphere leads to the creation of electric po- 
tential difference along the geomagnetic field line. 
The existence, o^such a potential difference would 
lead directly to the acceleration of electrons down- 
ward to produce the aurora and ions upward ' to 
produce the ring current. 

Data from GOES magnetometers were used to 
begin development of techniques to predict geo- 
magnetic disturbances called substorms. This effort 
will help the Space Environment Services Center to ■ 
predict disturbed communication conditions" and 
predict conditions which lead to electrical malfunc- 
tions onboard communication satellites. ' 

Stratospheric Physics. The NOAA Acroil^my 
Laboratory has obtained comprehensive measure- , 
ments of nhrogen dioxide distribution in.thc strato-. 
sphere using groiind^and airhole spectroscopic 
techniques. Global measurements of stratospheric 
concentrations of flnorocarbonsV-l 1 and F-12,and 
nitrous oxide alsfyhave been obtained using, bal- 
loon-grab sampling methods. The nitrous oxide 
measurements yielded improved vertical' transport 
coefficients that will allow l)etter predictions of 
stratospheric ozone loss from maniiiade causes, lab- 
oratory reaction rate measurements have substan- 
tially lowered the predicted stratospheric ozone 
destruction by supersonic aircraft and substantial I v 
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raised the predicted stratospheric ozone destruction 
*oy chlorofluorocarbon release. 

A new Bureau of Standards instrument was used 
to measure calibration standards for a NASA satel- 
lite dedicated to mapping atmospheric ozone. Radi- 
ometric calibrations performed for NASA are im- 
portant to -NASA programs for monitoring solar 
radiation. 

Atmospheric Chemistry 

Photochemistry. The Bureau of Standards has 
demonstrated, for the first time in laboratory exper- 
iments a possible method of sunlight destroying 
chloromethanes in the troposphere. Solar radiation 
reaching 'the troposphere can 1>reak down chlo- 
romethanes if thai' chemicals are first adsorbed to 
the surfaces of sand or quartz particles. Tlie ex- 
tent to wly'ch these chemirfil pollutants jnay be re- 
moved from the tropo^rfeie is being-lssessed. 

The Bureau is participating in an interagency 
program to predict the effects of halocarhons and 
niuogen oxides on the ozone concentration in the 
stratosphere. Tty.- possible btiiklup of halocarbons. 
their global distribution, and fate requires analyti- 
cal measurements at extremely low concentrations. 

Rate constants have been determined for the re- 
actions of chlorine and oxygen atoms with chlorine 
nitrate over the temperature range 225° to 273°K. 
The rates indicate that the chlorine reaction is not 
important, but' the oxygen atom reaction competes 
with solar photodissociation above 30 kilometers. 
Nitric acid is an important molecule that connects 
the hydrogen and nitrogen oxide reaction cycles in 
jhc Earth's stratosphere. The details of Its' decom- 
position by solar radiation arc necessary to under- 
stand the reaction cycles of ozone production and 
^depletion. 

Data Programs 

Environmental Data 

Oil Storage, The Environmental Rata Service's 
Center for Experiment Design and Data Analysis 
uses the GOES Data Collection System to obtain 
hourly observations of ocean circulation k patterns 
from a prototype Salt Dome Environmental Mon- 
itoring System in the Gulf of Mexico/ Under the 
■Strategic Petroleum Program, salt domes' or caverns 
are used for oil storage. The enlargement of these > 
caverns by leaching present's a moblem of brine dis-' 
posal in the coastal waters. Th? monitor ing-.of p<y 
tential salt brine disposal areas provides the data 
needed to characterize and predict brine disposil- 
patterns. * . ' 

World Food Assessments. The I!arge Area Crop 
Inventory Experiment (LACIE), a cooperative ef- 



fort of NOAA, NAS&, and the Department of Ag- 
riculture, has demonstrated technology to monitor 
global weather patterns, identify current anomalous 
weather situations, and make quantified estimates 
of the weather's influence on potential crop yields. 
Statistical climate crop yield -models developed by 
the Center for Climatic and Environmental Assess- 
ment support this experiment. LACFK^also is pro- 
vided periodic assessments of the effects of weather 
and climafe pn crop production over the major 
agricultural regions of the world. These assessments 
utilize c environmental satellite data *o supplement - 
information available from the limited network 
of ground based weather stations. Researcli leading 
to operational precipitation estimates frord satellite 
data was initiated with NESS in August \J977, to 
enhance the global assessment capability. 

Aeronautical Programs 

Aeronautical Charts 

The National Ocean Survey, in response to a re- 
quest from the Federal Aviation Administration 
" (FAA), will certify obstacle and terrain data for 72 
air terminal sites in the United States. This is in 
support of FAA's Minimum Safe Altitude Warn- 
ing system,, .which alerts air traffic controllers when 
an aircraft descends below a safe flight altitude 
within a 120-kilometer radius of an air terminal 
facility. Fifteen major sites were analyzed in 1977. 

The FA A and tjjrf/ocean Survey also have devel- 
oped product requirements and specifications for 
an Airport Facility Directory for the coterminous 
United States. It will be comprised of 7 volumes to 
be phased in ovePa period of 6 months beginning 
in late 1977. The Directory will bp made available 
through subscription ancTwill be 'updated every 8 
weeks. 

As air traffic and the complexity of 'regulations 
and control procedures increase, more specialized 



aeronautical charts are needed more quickly. To 
keep pace with this demand, trV^ Ocean Survey, or- 
ganized an Aeronautical Chart Automation Projects 
Theimtomated approach to aeronautical cl\art pro- 
duction wa^ demonstrated this year when Radar 
.Videp Maps' generated by this system, were rated 
by the FA A as superior to those produced manually. 
Tim project is expected to make more efficient use 
of personnel and increase responsiveness to chart 
preparation deadlines^ . 

Use of Sensor Data from Aircraft r 

Safety Services.+The NOAA Atmospheric Physics 
and ChcmisJ&ry Laboratory continued to conduct 
tests of a prototype, clear-airj turbulence detector 
and alarm system using NASA's C-I41^V, Learjet. 
and ConvaJr 990 aircraft. The in^are(H*adiometer 
detects anomalies in the water vapor ahead of trre 
aircraft and gives 2 to 5 minutes advance warning 
of clear-air turbulence. 

The NOAA National Severe Storm Laboratory 
used aircraft, conventional and dual-Doppler 
radars, a 444-meter weather-instrumented tower, 
and a mesonetwork of surface stations to investigate 
the Dopplcr radar's potential toJocate and depict' 
thunderstorm turbulence- by nramUjfcg wind varia- 
tions. Doppler .radar capabilities in optically clear 
air were studied for depiction of wind shear asso- 
dated with thunderstorm. gust fronts which endan- 
ger aircraft %irjnfc airpprt landings and takeoffs. 

Pollution Monitoring.^ThQ Ocearf Survey's Ocean * 
Dumping Program Office conducted an experiment 
in the Gulf of Mexico during July and August 
1977, to characterize the physical and chemical 
ocean ographic conditions at an industrial waste 
disposal site, NASA aircraft acquired multispectral 
samner and aerial photographic data overman or- 
ganic sludge so as to track the distribution of waste. 
A similar experiment followed in December 1977, 
;>t a Deepwatcr Dumpsitd in the- Atlantic Ocean. 
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* Introduction 

In the twenty years oith<fSpace Age, the Depart- 
ment of Energy (DOE) . and its predecessors, the 
Energy Research and Development Administration 
ahd the Atomic" Energy Commission, have had a : 
grovfing role in our country's exploration and-ex- 
ploitation of space. From a few early earth-orbital 
missions through lunar landings to long-term outer- 
planetary journeys, the compactness, reliability and « 
life of nuclear isotope' power Applies have been 
essential to mission success. A continuing primary 
goal is to support the nation's civilian space ex- 
ploration efforts with particular orientation toward 
NASA missions which depend .upon delivery of 
adequate electrical power while operating in a • 
refnote, hostile, oj specialized environment. 

In addition to the space applications of nuclear 
power, the practicability of using space for applica- 
tions that bear directly on the nation's energy 
problems is being investigated. One can foresee the 
possible adaptation of today's spacecraft and satel- 
lites to the needs of tomprrow's worjd. New spate 
technologies and spin-offs from today's technologies- 
will undoubtedly play an important role in re- 
solving oflf energy problems. » ^ 



• to ensu*? the effectiveness of safety and envi- 
ronmental requirements for space nuclear sys- 
tems operations;. • 

• to perform data reduction analyses . on 
launched or deployed nuclear power systems 
for comparison with predictions and for guid- 

• aflce towardTuture design alternatives; 

• to initiate studies on the technology of alterna^ 
rive, power sources, such as reactors, for poten- 
tial high-powjbr-demand ^applications. 

In support of these objectives, tRV expertise at 
government-owned, contractor-operated *' labora- 
tories is critical, JROE has recently completed con- 
struction of r^w pIutpnifirm-238 fuel fabrication 
laboratories and plant facilities at the Savannah 
River Plant site. Supporting research in fuel and ' 
^advanced heat source design is conducted at the 
new Los Alamos Scientific Laboratory Plutonium 
Facility. Continuing research and improvement in 
containment capsule materials is pursued at Oak 
Ridge National Laboratory and at the Mound Fa- 
cility where heat -source assembly functions are 
also performed. » 



Space Applications df Nuclear Power 

Program Objectives 

T In supporting NASA and DoD, DOE applies its 
various resources with the following intent: 

• to exploit fully the results of prior research in 
nuclear fuel and special materials, thermoelec- 
tric elements, and canrrid^te engine systems; 

• to develop, analyze, and design toward the 
specific performance and environmental re- • 
quirements established for the mission; 

• to deliver environmentally acceptable, opera- 
* tionally -safe, and technically qualified nuclear 

energy systems to the user agencies; 

• to develop power systems technology for future 
requirements directed toward increased power, 
improved. conversion efficiency and safety, and 
lower cost per electrical watt; 
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Program Abstract 

DOE-'s Office of Space "Applications is the key- 
stone in the structure linking nuclear materials and, 
theiyechndlogy with the space power requirements' 
of ^other government agencies. The Atomic Energy 
Commission, fulfilling its historic role in the devel- 
opment of special nuclear materials for peaceful 
uses, provided the technical base for production of ' 
pIutonium-238 in suitable quantities for space ap- 
plications. Tins radioisotope has become the work- 
horse heat source for the majority of systems past, 
present, or future'. Its 87.7-year half-life and its 
alpha-emission decay scheme combine to enable de- 
sign and development of space power supplies with 
light weight, .little shielding and long-term 'opera- 
tional reliability. - 

Iff one of its essential roles, the Office of Space 
Applications seeks to effectively cduple its expertise 
in nuclear technology with. the skills of commercial 
contractors. These contractors provide the develop- 
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*ment, fabrication, and support functions needed 
to deliver saje and efficient systems to convert the 
radioisotope decay heat into electrical energy. The 
so-called static conversion ' systems use solid state 
thermoelectric' couples providing up to 500 watts 
of stable direct current to the spacecraft. Develop- 
ment of static conveners is continuing, pointed to- * 
ward higher efficiency and greater modularity. Dy- 
namic conversion systems transfer the isotopic decay 
heat to a^working fluid, which actuates a generator 
through either a piston or turbine system. Two 
such systems are currently under development, with 
expected efficiencies in the range of 18^30 percent, 
suitable to power requirements in excess' of 1000 
watts. r , 9 

In its corollary role, the Office of Space Applica- 
tions maintains liaison with NASA and DoD to 
explore and fulfill their" needs for space nuclear 
power. The instrument of liaison is the coordinat- 
ing committee; the vehicle of implementation is an 



interagency agreement supported by apprapfiately 
funded procurement requests. Mutual Fulfillment 
is evident. at launch or depldyment; mission sup- 
port for tftesc' culminating events also is«provided 
to ensure cbnyjlctc nuclear safety coverage, where 
required, and to a/sistin data revicwy-on a 'post- 
launch basis. * 

Studies of trends and national needs of the future 
have indicated a potential .requirement for reactor- 
based power systems to pi€*itte)10-100 kilowatts of 
electrical power lor specialized applications. Ad- 
vanced dynainic^conversionjiystems are expected to 
be used with these reactors as schedules develop. 

Program Progress ' 

«. 

The following tumble provides a brief recapitula- 
tion of space; nuclear power systems (radioisotope 
thermoelectric generators (RTfs) or reactors) ' } 
supporting the indicated successful NASA or DoD. 
missions: 



System 



S u mma ry of U.S. Space Nuclear Powq Systems '( 1901-1977) 



Missic 



Launch Date 



Snap-3A .RTG 
Snap-3A RTG, 
Snap-9A RTG - 
Snap-9A RTG 
Snap- 1 OA Reactof 
Snap-I9B3'RTG 
Snap-27 RTG 
•Snap-27 RTG 
Snap-27 RTG 
Siiap-19 RTG 
Snap-27. RTG 
Triad-RTG 
Snap-27' RTG 
j5nap-19 RTG 
Srnr]*l9 £TG % 



Status 



Transit 4A 
^ Transit 4B 
Transit' 5BN-1 
Transit 5BN-2 
; Snapshot -\ 
Nimbus 
Apollo 12 
Apollo \£ 
Apollo 15 
Pioneer 10 
Apollo 16 
Transit- 
Apollo 11 i 
Pioneer 1 1 
" Viking 1 & 2 



MHW RTG" 
MHW RTG 



' f* Lcs 8/9 

Voyager 1 & 2 



fi/29/61 
11/16761, 
9/28/fi3 
12/05/63 
4/03/65 
4/14/69 
11/14/69 
1/31/71 
7/26/71 
3/02/72 
4/16/^2 . 
9/02/72 
12/07/72 
4/05/73 - 
8/20/75 & 
9/09/75 . 
3/14/76 
8/20/77/& 
9/05/77 * 
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Achieved orbit * 
Achieved orbit 
•.Achieved orbit 
Achieved orbit 
Achieved 'orbit ' 
Acmeved orbit «■ I 
Placed on lunar surface 
Placed on lunar .surface 
PJaced on lunar surface 
Operated to Jupiter* 
Placed on lunai surface 
Achieved' orbit ' ' . ' 
Placed on lunar surface 
Operated to Jupiter; on way to Saturn 
Landed on Wars - ' 

Achieved orbit 

Laijncb^d on way to outer planets . 



Current Status. As of the end of 1977 

# The~Transit, Snapshot, and Nimbus systems 
arc in up to 4000-year-lifetime orbits after 
fulfilling numerous program objectives and in 
certain cases indicating areas for design im- 
provements. 

• Trre Apollo, Lunar Surface Experiments Pack- 
age (ALSEP) units were established by the 
Apollo explorers in five different locations on 
the Moon. Specifications called for a one-year 

' operating life for the first four ALSEPs and 
two years tor the Apollo 17 station; ajl have 
exceeded this requirement by delivering power 
up to the official termination date of Septem- 
ber 30, 1977. As a" consequence of the reliable- 
performance of both the power supplies and. 



the scientific instrumentation, NASA* has ac- 
cumulated evidence of approximately >0,000 
mooiiquakes and 2000 meteorite impacts, in 
Edition to obtaining data on charged particles 
MfPthe Moon's atmosphere and on the mag- 
netic environment and interior lunar struc- 
ture. " I 

i ^Twenty trajectory morfths after its launch in 
.March 1972. Pioneer 10 encountered Jupiter, 
performed close-up studies of the planet, fts 
moons, and its environment; and transmitted 
tliese data to eager scientists 'on Earth. The 
foui radioisotope thermoelectric generators on 
this spacecraft continue to report their own 
power output and scientific data after 5.6* years 
of service and fioni' a [ distance exceeding 1:9 



billion Kilometers from koth the Earth and the 
^ Sun.'Systern performance is folibwing an ex- 

• pected trend, while the spacecraft follows a 
j solar system escape trajectory. 

^ Pioneer 11, technologically a twin but prografn- 
,matically different, performed a Jupiter fly-ty 
maneuver and*, then was targeted for Saturn en- 
counter in 1979. i>ower system performance data, 
reported in flight from a distance of 1 billion kilom- 
eters^from Earth, again indicate a stable, predict- 
able Output after 4.5 years of operation. > 

4 • • " / 

• The Viking laridirs were' sitdcessfully posi- 
tioned at two selected sites on the planet Mars 
on July 20 and September 3, 1976 after launch 
on August 20 and/September 9, 1975, respec- 
tively. The sojl>fmpling apparatus, the com- 
plex sensorsand analytical laboratories on 
board the landers, and the telemetry and tele- 
vision equipment transmitting information to 
Earth were dependent upon the radioisotope 
thermoelectric generators t (RTGs) for con- 
tinuing power supply. The$g units remajned 
viable throughout the difcrnal and seasonal 
-temperature variations ritaracteristic , of the. 
Mars weather patterns. In>a/t, some he^t from 
the generators also was diverted periodically rt> 
keep^ certain lander equipment warm during 
the colder periods. "Latest reports from the 
lan *?7 .telemetry systero-^ndicate stable per- 
forrniiice at a predictable power output level, 
niore than a year on the ^lartian surface. 
Lincoln ExperimentaJ Satellites (Les 8/9) 
launched in March 1976 as^ communica- 
j satellites. The radioisotope generators orf 
board not only provide necessary* operating 
power but also are to demonstrate the depend- 
ability and survivability of a satellite powered 
in this manner for long-term' operation in a 
hostile environment. At last check, the nuclear 
powep supplies were delivering pcjwer slightly, 
in excess of expectations, and performance was 
very satisfactory JThe record of Les 8/9- gen- 
erator performance knds encouragement to 
. use of the Multi-Hundred Watt (MHW) [Tryits 
in other applications where Earth-orbital " 
power supplies are required. 

• The twp Voyager spacecraft (formerly des- 
ignated Mariner Jupiter/Saturn) . were 
launched* from the Kennedy Space Center on * 
August 20 and September 5, 1977, respectively. 
Each was powered for its scientific mission 
studies by three MfJW generators. Their com- 

. bined output was on the order of 475 watts 
per spacecraft. The total nuclear power al- 
located for this mission* essentially equals the 
total of all previous mjsSiont currently in 
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space. Reports telemetered from the Voyagers 
l'n^cate/stable operation qf the MHW genera' 
tofs and favorable prognosis for data retrieval 
at Jupiter encounter in 1979 and Saturn en- \ 
r counter in 1980^1981. It is anticipated that 
the generator lifetime will be adequate to re- 
_ turn information from the approach to Uranus 
in 1986 and possibly from Neptune in 1989. 

'T rends in Technology. Materials technology ancT^ 
generator design have shown a steady evolutionary 
improvement as the space nuclear power program 
advanced to *ieet the challenges of ever more 
'stringent mission requirements. Selection of fuel 
material was limited initially to plutoniurn-238 • 
metal or an alloy with zirconium; .these materials 
yielded 6-7 thermal watts per cubic centimeter of 
fuel but' were not compatible with typicalscapsule 
metals at elevated temperatures. Plutonium-238 
oxide microspheres, fused to high density with a 
plasma torch, ;were much more- stable ;n contact 
with containment metals at elevated temperatures, 
hut suffered frbm^a low powef density of 2.5^3.0 ' 
, watts per # cubit centimeter. Significant improve- 
, ment wa's, achieved with molybdenum-coated par- 
ticles, hot-preSsed into a disk. This fuel ^form was 
much more stable toward its "environment- and 
showed a power, densijy-irrexcess of 4.0 w,atts per* 
cuhfc, : centimeter. Further advantages were -achieved* 
with a hot-pressed sphere of plutonium-238 Q^ideT 
welded into an iridium capsule, and cushioned in * 
a protective fibrous graphite ; impact shell. ''This , 
fueled unit not only operatesat high temperatures' 
but i» designed to withstand reentry heat and im- 
pact and to resist corrosive actionem any environ- 
ment. I 

"Jhroughoilt^tfie design history of space nuclear 
power systems, severely competitive trends in spec- 
ification are evident. Increasing power- demands 
lfave been- tempered by constraints on payload »■ 
height; as a consequence, engineers used .beryllium 
and specialized, graphites to reduce power syst4*n 
weight. Increasing safety requirements for launch^, 
and' possible reentry situations result" irCmuUiple 
encapsulation with resistant metals; in response, 
fuel specialists developed fuel -forms with' higher " ' 
power density and improved mechanical and chem-. 
ical stability. ' * ' . 

Similarly, the development of thermoelectric con-' 
vert'er materials has been responsive to the demands 
for additional power witljout weight penalties. The , s 
lead tellnride modutes of 'earlier systems were im- 
proved in efficiency by use of a tellurium-antimony- 
ium-silver leg; by this expedient* . the 
ion factor rose^o-m 5.0 td 6.3 percent! An 

foil increment in efficiency was achieved bv 

V V . • - > - 
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adoption -of sijicoiirgernianium couples; conversion 
rose to 6.7 'percent, and the higher operating tem- 
perature enabled greater wattage output. 



; Representative materials and their performance 
parameters are tabulated to show the steady prog- 
ress to date: 



Generator 



Snap-j 



Snap.-27 



Snap- I 9 



MHW 



Mission 
Fuef Form 
Thermoelement 
^Specific „Pqwct, w/lb * 
Conversion efficiency, percent 



Transit 4 

Pti-metal 

PbTc 

0.67 

5.0 



f. Apollo 

NPiiO.. microspheres 
; PbSn'f e 
1.06 , 
. ").0 «» 



Pioneer 

PtK>. Mo cermet 
PbTe-TA<;.S 
1 3l> 
6.3- 



Les 8/9 < 

Pressed PiiO., 

SiGc 

1.90 

6.7 



Trends in Systems. To date, the static 'thermo- 
electric conversion systems have satisfied require- 
ments for up to 500 watts of electrical power., de- 
livered reliably for mission durations of up to ten 
years. Conversion efficiencies in the range of 5 to 7 
percent, however, t may limit payload weights and 
therefore scientific opportunities may hot' be real- 
ized. Research has proceeded on a ' class of selenidc. 
thermoelement materials which ha.ve shown 8*5 
percent conversion factors in the laboratory, and 
appear to be capable of development jtoward 10-15 
percent efficiency. WJren achieved, the synergistic - 
benefits of. nuclear power and optimal conversion , 
factor wijl provide striking advantages in retrieval' 
of scientific data from outer-planetary? missions." 

In anticipation of ncar-temti requirements for* 
nuclear electric power supplies capable of deh'ver- 
ing 500-2000 watts, DOE has coupled its nuclear 
* expertise with industry in the'dcvelopment of 'both 
a Brayton cycle engine and an organic "Rankinc 
cycle engine. It is expected that either of these sys- 
tems, when chosen for flight development, will have 
efficiencies approaching '30 percent* 

The trends in technology and systems, pursued 
with adequate and well-managed resources, will 
lead toward continuing progress and new outreach, 
as suggested by the charts, 
v 

z * Program Planning 

In the summer of 1977, Congress approved 
and began funding the Jupiter Orbiter/ Probe, a 
NASA mission scheduled for launch in 1982. Its ob- 
jective is to further explore the environment, at- - 
mosphere. topography, and structure, of that fas- 
cinating planet. In support of this endeavor, DOE 
has' undertaken to develop the selenidc isotope gen^ 
crator, incorporating the higher efficiency selenidc 
conversion materials and the flight-qualified MHW 
heat source. Two generators delivering 240 watts 
each comprise the nuclear power complement. 

Additional NAS/t* missions proposed as FY 1979 
"new starts" include the solar-polar mission for 
launch in 1983; this mission is sponsored jointly by 
NASA and the European Space. Agency. In antic- 



ipation of this requirement; DOE has iriitiated, 
design and materials 1 studies on a general purpose 
heat source, which would be coupled with a sele-, 
nidc thermoelectric converter. Improved perfor- 
mance and safety 'benefits arc expected from this 
combination. f , " '' 

On the horizon" are DoD requirements which 
indicate a need for (a) systems, supplying electrical 
power in the 1-2 kilowatt range, and (b) consider- 
ably more substantial systems ddivcrirtg' 10-J0O 
kilowatts. To support the indicated near-term need 
for the lower power levels, DOE is actively eocpjor- 
ing the relative merits ;df two candidate' dynamic 
systemsjffie Brayton isotope power system and the 
kilpw^m isotope, power' system. The latter system 
Toys an organic Rankine cycle engine. Develop- 
- ment and engineering are progressing in each area; ' 
ground demonstration tests arc scheduled for early 
1978 and detailed evaluation will be pursued to 
enable selection of* that system best fulfilling its 
functional specifications and. best suited to the con- 
dition's of Shuttle launch. A demonstration flight 
/test in 1982-1983 is contemplated as part of the 
DoD . space test program. Affirmative results from 
•that demonstration flight test would be significant 
input to the selection of the power system for the 
global posftionmg satellite, deep space surveillance 
systems, and general purpose satellite communica- 
tions system/ 

For thcvfiighcr kijpwatt ran^e, isotope power con- 
verters;- arc not viable candidates; rather, space- 
borne reactors arc appropriate. Numerous jground- 
based reactor systems already have shown- promise 
and studies leading \o development of their specific 
utility for space applications arc planned as a con- 
tinuing element of the DOE space p&wer program. 



Space Disposal of Nuclear Wastes 

A cooperative study with NASA 'Lewis Research 
Center in TV 1972 investigated ' the feasibility of 
nuclear waste disposal in space. It was determined 
that spate disposal coXild reduce but not eliminate 
the need for^enestria! disposal methods. It was 
;|iso c'onrlujml that additional, processing would 



Progress in Space Nuclear Power: 
DQD Missions . 



^Progress in Space Nuclear Power: 
NASA Missions # 
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Lincoln Experimental / 
Satellite , 
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be requited to concentrate the long-Jived radioac- 
tivity fraction for transport to space. During the 
past year, I}pE provided further information to 
NASA to support a study to more specifically iden- 
tify, tlfe possible applications of the use of the Space 
Shuttle for such disposal. The NASA "study is 
scheduled for completion in 1979/ . ' 

Satellite Power- stations 

Satellite Power Stations (SPS)^ in geostationary 
orbit, which would convert solar energy to micro- 
wave energy for tra-risiju'ssion to Earth and ultimate 
use as a terrestrial energy source, were ..first sii, 
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'jested in'l968 and in recent. years were i}ndei\5tu$ly 
by NASA, In 1976 the lead management responsi- 
bility for the SPS endeavor was transferred frofn 
NASA to DOE, *\ • * 

During 1976 a DOE t^ask groilp /studied the SPS 
concept, including \h£ NASA \i<(uvity,. and" con- 
cluded tfiat, while^no obyious or clearly ^unsur. 
mountable problems were identified, insufficient in- 
formation was available for a"ny significant program 
decisions. The task group recommended a three-year, 
program, of studies leading, in 1980, to a recom- 
mendation regarding the advisability of continued 
development efforts. In recognition of the technical 
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breadth of the recofrflftencfed study, an SPS panel 
-of a DOE/NASA coordinating committee was 'es- 
r tablished in late 1976. This panel prepared, in May 
1977, a program plan for the development and eval^ 
^uation of the SPS concept. In this plan, NASA is" 
^^sgonsible for systems definition; DOE is respon- 



sible for health, safety, and environmental factors, 
socio-economic ^issues, and comparative evaluations 
with terrestrial alterhatives.^Biiring 1977 joint ef- 
forts "by NASA and DOE in implementing fhis plan 
were accelerated. 
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Introduction 

The Department Of the Interior is responsible for 
the nation's public lands and for maintaining a 
.balance between the- use and conservation of na- 
; turaJ resources on these lands. Effective resource 
management and research require accurate and 
timely data, whether collected an the ground, from 
. high* or low-altitude aircraft, or from satellites. In 
some investigations data from more than one level 
of observatioAand from various sensors such as 
muhispearal scanners, cameras, and radars are use- 
ful. 'To "collect data, die department relies on air- 
craft (or acquiring -aerial photographs, carrying * 
^experimental airborne instruments, and executing 
programs such as selection of utility corridors, 
cadastral surveys, and resource inventories. * 
The need for surveying and repetitive monitor- 
ing of vast and often inaccessible areas has also 
created a growing interest in the department in. 
satellite data, primarily from the experimental 
Landsat system because of its synoptic, repetitive, 
and uniform coverage. Digital Landsat data have 
, made possible the extraction of information bv 
computerized techniques. Because of the flexibility 
that digital data offer in collecting and managing* 
large volumes of information, resource managers in 
some bureaus of the department are incorporating 
this new technology into their activities. 

Earth Resources Observation Systems Program 

The purpose of the Interior Department's Earth 
Resources Observation Systems (EROS) ' program 
is to develop, demonstrate, and encourage* a ppli ra- 
tions of remotely-sensed data acquired from aircraft 
and spacecraft which arc relevant to Tu net 1 dual re- - 
sponsibijities.of the department. The prima rv areas 
of activity are: 

• applications demonstration and research 

• user "assistance and training 

• 'data reproduction and distribution 

The key facility of the EROS program is the 
EROS Data Center (EDO/ in Sioux Falls, South 
Dakota, the principal archive for remotely sensed 
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data collected by U.S. Geological Survey (USGS) 
aircraft, by National Aeronautics and Space Ad- 
ministration (NASA) research aircraft, and . by 
Landsat, Skylab, Apollo, and Gemini spacecraft. 
1 raining and user assistance in applying remote- 
ly-sensed data are also major functions of EDC. 

To facilitate regional applications, the EROS 
program operates thi'ee Applications Assistance Fa- 
cilities where the public may view microfilm of 
imagery available at the EROS Data Center and 
'receive assistance in searching and ordering data 
via computer terminal" link to the central computer 
complex at Sioux Falls. \ >' 

Application Demonstrations and Research 

EROS program scientists seek new applications 
of remote sensing to significant resource and envi- 
ronmental problems, commonly in cooperation with 
other organizations. One example is the Pacific 
Northwest Land Resources Inventory Demonstra- 
tion Project, sponsored by the Pacific Northwest 
Regional Commission in cooperation with the 
EROS program, the Geography program of- USGS, 
and NASA. This project has demonstrated the util- 
ity of Landsat data from these programs for r<x 
source management m the states of Idaho, Oregon, 
and Washington. Ii is estimated that use of Landsat ■ 
data will .permit a forest inventory of western 
Washington (40,500 square kilometers) to be com- 
pleted in one half the time and at one tenth the 
cost of standard methods.. A survey monitoring 
urban change was done with 98 percent accuracy 
in 1 man-month using Landsat data from these 
programs versus 15 man-years using standard 
methods. Because of the ' useful results , already 
achieved; an operational resource inventory sys- 
tem in the Pacific Northwest based on the use of 
Landsat data from these prdgnum is planWd. 

Other current application demonstrations in-" 
elude: «* 

• Delineation of glacial moraines injhe nortji- 
ern midwest by visual analysis of subtle terrain 
features onja mosaic of 54 Landsat images ac- 
quired (hiding spring 1972-1976. 



-Experimentation with 1 optical and digital cn- 
. hancemeiiC^^hniques on Landsat imaggtf of 
\ tne SahM^pftTfis^ facilitate detec- 

tion trf-Sw^n "coastal w \ 
Application of the Australian cSTicept p.f land 
systems mapping to. the California Desert Con-- 
serva^n Area. The Bureau of Land 'Manage^' 
ment and EROS are cooperating in this study/, 
using aerial photographs, Landsat data? and 
interactive computer analysis^to classify the 0 
soil, vegetation, landform, and other surface 
properties. 

Use of Landsat imagery of tli^?"l rust -Territo- 
ries in the Pacific to aid in delineating shallow 
bottom features. Through special arrangements 
with NASA, oand 4 of the multispcctral 
scanner was operated in the high-gain mo.de, 
thereby enhancing the underwater features in 
the shallow seas. 

Use- of Landsat data in Project 143 of the 
United Nations Educational and Scientific and 
Cultural; Organization (UNESCO) -sponsored 
International Geological Correlation Pro- 
gramme. 

Training and. consultation for a Landsat in- 
ventory of natural 'retirees of five Central 
American countries, flPnbe performed by the 
EROS program and Purdue University with 
funds from the IntcrAmerican Development 
Bank. ' 
Use of , Geostationary Operational Environ- 
mental Satellite (GOES) .and Landsat data 
collection platforms to monitor stream flow, 
water levels, snow pack, weather, and volcanic 
events in Chile and Bolivia. . Performed coop- 
eratively with those two countries by the EROS 
program and the Water Resources Division of ~ 

uses. 4 



Data Reproduction and Distribution 
■+ 

Since its establishment in 1972, EDC has dist- 
ributed approximately 1.8 million reproductions 
from the nearly 6 million images* inShe data base. 
Half of the reproductions were from^ Landsat im- 
agery, and in addition to images, nearly 6000 com- 
puter-compatible tapes of LaTndsat data have been 
supplied to nse^s^ 

Dollar volume of "all products sold in 1977 
amounted to about ^2,500,0(30. Landsat products, 
while comprising cmly 18 percent of the data ftasc, 
accounted for SI, 674,000 or 62 percent of the total 
sales. Of that 'total, digitally enhanced scenes 
amounted to 5137,000, and computer-compatible 
tapes S374.000 or more than 30 percent of total 
Landsat sales, reflecting the increasing trend toward 
digital processing of Landsat data. Foreign users 



and industry are the principal purchasers p[ Land- 
sat data, accounting for approximately 32 and 27 
percent respectively,, of the total sliteT^The Federal 
government is. the next largest category, at abotft 
24 percent. • ' 

;!l ^ digital image t processing ^vstem is being 
^adietl , by NASA a/id EDC to p\6yide products 
from Lahds^t-C data, expected in 1978,' which will 
be superior to tHigsesfr^om Landsats 1 and 2. during 
1977, about 175 Lands'at^images were computer- 
enhanced for special orders/ approximating the , 
image quality that will be routinely available with 
the new system. * 

National Cartographic Information Center 

EDC also supports the National. Cartographic. 
Information Center, a facility of USGS which pro- 
vides cartographic data and information on aerial, 
photographs from Federal, state, and private or- 
ganizations as well as data collectidn plans" of those 
organizations. To facilitate the purchase of im- 
agery from satellites' and aircraft by the public, a 
number of NCIC offices located throughout the 
country arc connected by remote terminals to tfic 
central computer complex at EDC. 



Monitoring the Environment 



Alaska p 



To provide data with which to analyze the en- 
vironmental impact of oil exploration on the Na- 
tional Petroleum Reserve in Alaska, the USGS 
Geography program made a digital classification of 
the land cover and vegetation on ten Landsat 
images covering the area. 

Changps^ln the Gulf of Alaska shoreline since 
H>il were analyzed from various sets of aerial pho- 
tographs to assess a potential stagings area for off- 
shore oil and gas development. \y f ' 

During two monttrs , of Alaska's dry \summef * 
more than 500 fires burned about 8100 square 
ki founders of forests: The state used a Landsat 
rangclalid inventory to decide where to concentrate 
fire protect ion. 

Mining /A ctivities 

Because of the increase in surface mining activ- 
ities, Conservation .Division of USGS is using aerial 
photographs and satellite imagery to delineate var- 
ious categorujN of surface mining operations and 
stages of rccla/ination in the Powder River basin of 
Montana- ajxi Wyoming and in southeastern Idaho. 

(olographs and Skylab and Landsat images 
are being evaluated for use in mapping land- use, 
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vegetation, and drainage in preparing environ- 
mental analyses and impact statements. i ' 

Bureau of Mines has funded four new. remote 
sensing projects as part of its'State Liaison Pro- 
gram 1 . In, New .Mexico, the Navajo and McKinley 
coal mines, ^ants uranium' district, and potash 
mining areas are 'being monitored from Landsat 

. imagery. Digital Analysis of Landsat data is being 
used for monitoring phosphate mines in Florida 
and kaolin mines in Georgia and South Carolina. 
\ 7 he Minin S Enforcement and Safety Administra- 
tion is using aerial photographs- ancfclitei lite liiul- 
tispectral imagery to identify linear {Kit u res' .that 
may be . related to fault and fracture Jystems, to 
evaluate mine ground stability, and to locate and 
monitor le.akage and n/ovement of niine embank- 
ments in surface and underground 'mines. These 

. efforts to identify potentially hazafrdous ground' in 
mine areas have been applied to over 100 sites in 
26 states. 

Indian Lands • v ? v>-^ 

■The Bureau of Indian Affairs, NASA, and USGS 
cooperated to obtajnj high-altitude aerial-\photog- 
raphs of all Indian lands. The project was ex- 
tended to include orthophotoquads, which will be^ 
used in a census of Indians in 1980 by the Bureau 
of the Census. v / 



Data Collection Systems . ^ 

The Satellite Data Relay Project of* the USGS 
Water Resources Division coordinated the instal- 
lation of field radios (Data Collection Platforms) 
at 100 hydrolpgic sites in the United States for test- 
ing the GOES telemetry system. Field installation 
'11 Comsat General platforms has begun in 
preparation for a 1978 dcmonstnA>n .of the com-' 
. mercial system., W 
■ T V^f^Z OgoIo^Ic Division is cooperating with 
NOAA in a study of the Earth's magnetic field. The 
GOES system is used to relay information from 25 
strategically placed magnetometers to the NOAA 
facility at Boulder, Colorad6, where quick access is 
available to researchers via computers. 

USGS geologists arc also using the GOES system 
to monitor .variations in the abundance of helium 
in the soil in remote Nevada locations.^The infor- 
mation is used in earthquake prcdiction|rcsearch. 

Research 

Geology 

Planetary studies. The USGS provided scientific - 
leadership and technical support in planning the 
Viking mission, in oi biter and lander imaging, and 
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in geochemical analysis of the materials on the sur- 
face of Mars. Large-scale maps were made of the 
landing sites, and uniform scale mosaics were made 
-of Marge a?eas of the planet photographed by the 
oi biter. These will serve as a;,basis for^ new planet- 
wide map series for Mars. *f 9 

USGS Minerals Land Assessment Program. Meth- 
ods developed for discrimination of hydrothermally 
altered rocks by ratioing and contrast stretching 
and mapping of major structural lineaments with 
Landsat data are being applied in a new -explora- 
tion model for southern Arizona. 

In the Powder .River Basin, Wyoming, Landsat 
images are being used in developing techniques for ■ 
detec ting subtle changes in vegetation cover, which 
may indicate the presence of altered rocks and - 
mineralized areas. Data beyond the spectral range 
of the Landsat multispectral scanner were acquired 
by" an airborne scanners 



Hydrology 
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USGS hydrologists are studying sea ice in Arctic 
and Antarctic regions as part of the Arctic Ice Dy- 
namics Joint Experiment, using data from aircraft 
and from the scanning microwave* radiometer on 
Nimbus 5. These data indicated that there was only 
a 50-percent concentration of ice in 100,000 square 
kilometers of the Arctic ice pack. Four years of 
data shpw {hat the morphology aod dynamics of the 
ice art for more complex than was kjtherto realized: 

Landsat and NOAA satellite imagery were used 
in USGS research on sea tec dynamics arjd zonation 
in the Beaufort Sea and fceir relation 'to bottom 
morphology and geologie processes: Jlje use of arti- 
ficial islands/placed to^Tfnodify the -ice zonation. 
was proposed to make thc^rshore environment less 
hostile. 

Bureau of Reclamation uses' imagery of clouds 
from GOES to analyze storm systems in a research 
study of harsh winter climate in the Sierra Nevada 
Mountains and to forecast and control experimental 
events in Project Skywater, a, weather modification 
program. Aircraft are used for data collection and 
cloud seeding in these Experiments. 

Land Use 

The Geography program devised efficient com- 
puter techniques to produce a land cover map of 
the Washington, D.C., metropolitan area compiled 
from October and April 1973 Landsat data. Part of 
a six-map folio at a scale of 1:1,000,000. the map 
is overprinted with place names and landmarks as 
well as census tracts on the Universal Transverse 
Mercator rectangular coordinate system. 
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In 1977, NASA and the USGS started a three-year 
cooperative Application Systems, Verification and 
Transfer project to tesf the feasibility of the opera- 
tional use of Landsat digital data for change detec- 
tion and updating land use and land cover maps 
being produced the USGS Geography program. 

international Activities 

In addition to the remote sensing workshops- 4 * 
conducted for foreign participants by the EROS 
Data Renter, USGS cooperated with the^Depart- 
ment of State and various international organiza- 
tions in Offering technical assistance, consultations, 
and JSriefings ou the applications of remote sensing 
data to 60 other, countries, ■ * . 

' USGS with the U.S. Agency for International De- 
velopment (AID) sponsored 1 the^Fourth' C&NTO 
Workshop in Turkey, .and contributed to the devel- 
opment of remote sensing rh Iran, Pakistan, and 
Turkey. Iranjjis 'also 'being assisted in starting a 
Landsat tfcta center as an adjunct to their planned 
ground receiving station. 



Also in cooperation with AID, USGS scientists 
, participated in discussions about applications of 
Landsat data in a series of television programs 
(AIDSAT)' relayed to 26 countries by the ATS 6 
communications satellite; A program with Thailand 
establishing a remote sensing center for reproduc- 
ing data and training staff 1ha$ been extended for 
another year. A photomosaic was prepared for a 
Philippines land 'reform program. New faults were 
discovered on Landsa»t images of Jordan in a geo- 
logic mapping program. 

In. USGS bilateral agreements. Landsat data* 
were among the topis used in selecting a 'site for 
Nigeria's hew Federal capital city; a Landsat ap- 
plications office was established W Saudi Arabia to 
aid in assessing the petroleum and mineral re- 
sources jind preparing base maps of that country. 

■Scientists from Iceland, Iran, Japan, [Lesotho. 
Poland, Spain, ;nid\Thailand spent all or parr>of 
1977 working in USGS facilities on remote sensing 
projects. * '•■ r *" * % 
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Department of Transportation 



Introduction ~* r 

The Department of Transportation manages a 
significant Aeronautical research arid system devel- 
opment program through its aviation component, 
the FederakAviation Administration (FAA) This 
program supports ,FA A s. ma jor missions ofksuring 
the,sa* dnd efficient uselbf the national airspace 
fostering civ;J/aeronauti4 and air commerce at 
home and abroad, \nd promoting air safety. ' 

'' ' w Air Safety 

Minimum Safe Altitude Warning (MS AW) 

The Fecreral Aviatiofi/Administrati6n tymtoted, 
- this program in 1973 in response to a National 
Transportation .Safety Board recommendation The 
initial effort concentrated on enhancing automation 
■in the terminakarea of air traffic control by in- 
troducing new computer software for the Auto- 
mated Radar Terminal System (ARTS-III) at 
major airports. The altitude warning system re- 
* ceives surveillance and altitude data from' properiy 
equipped aircraft that are being' tracked by the air. 
traffic control system. These'data are compared with 
.highest-points-of-ground ? eleyation .data contained in * 
a terrain 'map stored in the terminal ' computer 
memory. Whenever an aircraft is' flying^too low lo 
/Vhe ground, the system provides the controller with 
both an aural and a' visual alert; the controller in 
turn issues- a radioVwarning to the pilot that he has 
descended below a minimum sa£e ahitude. 
- The altitude warning systeirt was' successfully 
developed in an experimental /environment in late . 
1974 and^given a field evaluation in 1975; by^late 
1976, the program was fully operational at/three- 
major terminals: Lcfc Angeles, Washington Na-° 
) tional, <uid Dulles Intern^tioh^. In 1977* 
warning systehi became operational at the re? 
ing 60 ARTS-III terminals. 

FAA has -also, validated the requirement for al- 
titude warning in tlje en route air traffic control 
system. Like - its terminal counterpart, En Roufe 
Minimum Safe Altitude Warning will be a ground- - 
based aircraft altitude monitoring system tied to 

70 ^ * • ' s v 




the large central computer complex installed in 
each of the 20 Air Route Traffic Control Centers 
(ARTCCs) in the contiguous 48 states. Demon- 
stration offcthis safety feature to the operating serv- 
ices is planned for the fall of 1978. 

Wind Shear . 

: ; Sin f e there have been seven air carrier ac- 

cidents in which wind shear-abrupt change in 
wvipd speed or direction in the approach/departure 
zdru?-was ar^ajor contributing factor. During 

y\ F 'V^^ nsorecl researcn an <l development in 
Jliree areas in its search for solutions to this prob- 
/ lerii: 4 * 

• 'Development of- a ground-based hazardous 
wind shear detection and tracking system; 

• Development of avionics to assist pilots in cop- 
ing with wind shear encounters;' 

• The testing df improved techniques for* fore- 
cast!" jig low-Iefvel wind shear associated with' 
frontal zones./ Ground-based seTTsor testing was 
conducted ai six airports using additional 
anemometers/ mounted in the approach/depar- 
tnre zones to" detect wind shear; airborne sim- " 
ulati^n studies were al£o employed. Tech- 
niques for displaying aircraft .ground speed 
versus indicated airspeed wer£ developed for 

( * airborne evaluation in : late ■1977,.-' Improved 
forecasts of wind shear are still being 'pursued. 

Conflict Alert 

During the lasyfcfro calendar years, FAA has been 
.actively engaged in installing and bringing into 
t operational use a conflict alert system at Air Route 
.Traffic Control Centers and at congested airport 
terminal areas. By the summer 0^1977, the agenc^ 
had successfully implemented conflict alert in nearly 
all en route ATC .airspace and had Begun, con- 
centrating- on a- parallel program for germinal 
areas. Terminal conflict aleta functions with the » 
y Automated Radar Terminal 1 System; it *fs similar 
operationally to the system in use*in the en route 
. airspace* The computer softwye "looks ahead*^ 
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along the flight paths of controlled aircraft. If two 
or more planes arc predicted to approach unsafe 
- separations within 40 seconds, the a terminal con-.* 
troller is alerted to the potential conflict by a. 
buzzer and the flashing of "CA" o n the screen of' 
his. display consoles. The controller" then takes' the 
necessary action with the pilot to assure safe separa- 
tion. • , • 

In early 1977, the terminal conflict alert com-, 
putcr program began undergoing system ,tcst at 
FAA's National 'Aviation Facilities JExpcrimcntpl' 
Center, at Atlantic City, New jersey. Field-testing 
and evaluation in an opcrationarVivironnicnt were/ 
i successfully completed at the Houston Interna- 
tional Airport control tower in the fa II 'of 1977. 

Transport Safety ; 

New technology is emerging tjjat has a high prob- 
ability of being used m the next generation of jet 
transport aircraft. Examples of tliis % cmcrgmg tech- 
nology arc composite 'structures, active controf sys- 
tems, digital avionics, and digital flight control 
, systems. While thes* advances will lead to nio#e 
efficient transports tjfat will produce a higher rate, 
of return on investr\yit by reason of improved 
% productivity and loweA^nci-ating costs, t'hey pose ' 
safety and certification problems that FA A has 
J never before encountered. 

Composite structures arc stronger/ and lighter 
thay .conventional aluminum structures; at the 
Kamf 1 timn rhmV lkirh r\f , r ;«Mi — a Ac . • a i _ 



jsam'c time, their *ick of yielding deformation be 
Jforc failure makcFtheir behavior under crash loads 
-uncertain. Similarly, active control, systems and air- 
borne digital, cdmputcrs iiUroduce^iffcrcn ^air- 
worthiness concerns from those of the past. These 
include ^software validation, reliability asscsinicut 
verification, lightning and electromagnetic Inter- 
ference effects, and failure detection. ■ 

Accordingly, in concert \/ith the -Nationaf- Aero- 
nautics and Space Administration, FA A embarked ~ 
^.in J977 on a broad program, to cx;^i«rr the re- 
search and development, areas pertinent, to the cer- 
tification implications of^hese, technological ad-' 
vances. . 

Fire Safety ... ' ^ 

FA A research and development activities during 
% the reporting period in reducing the hazard of post- 
t crash fires included: J > 

' InitSa^fig two-'ycar effort to develop a ^ 
^method for ranking a transport cabin's interior 
» : material* for its collective combustion hazards. 
This approach to r improying the postcrash fire 
safety of cabin interiors novel because it 
relates the coiwusifftn p^ertics^of a cabin ^ 



material to physiological tolerances within the 
emergency-evacuation environment found dur- 
ing posjxrash.fircs._ ' \ % 

• Conducting full-scale cabin-fire tests in a sim* 
ulatcd wide-body air carjicrVabirr^at FAA's 
National Aviation Facilities Experimental 
Center. The tests werc^ designed to assess haz- 
ards caused -by burning cabin-interior materials 

' and by the byproducts of burning fue] enter- 
ing the cabin. These tests arc expected to 
. quantify hazard sources-. 
f • Perfornihig tests with the U.S. Navy using an 
antfmisting additive in the fue^ to minimize 
the crash fireball. The test results proved prom- 
ising. Efforts will continue to assess and A eval- 
uatc riic additive's, compatibility with existing 

• fuel systems. 

Aviation Security 

'0 

The goals of FAA's civil aviation security pro- 
gram arc to deter acts of terrorism or sabotage 
aboard aircraft and at airports. Research and deycK 
opnient programs, in this v area arc design^ to 
develop new deterrent systems as- weJl as evaluate 
existing systems that may j)c. used in the security * 
program. These activities arc coordinated with 
other U.S. agencies, active in bomb detection and 
countcrterrorisrf. In calendar 1977, FtiA 

• Dctuonst/a^d an . experimental automated J 
.radiatioiv^pntrast system to detect bombs- in ' 

I u £g a g e - Tests at three airports cising normal 
passenger luggage with. and withqut simulated 
bombs produced excellent detection rates an'd u 
low *false\alarm gates'. Procurement of the sys- 
tem for operational use at airports is under 
waySj 

• Idt^rcifr/cl locations aboard conuu^rUal aircraft 
t where bombs discovered during fligrtt might be 

placed with least" risk ho passengers and air- 
craft. In all tests with live explosives that fol- 
lowed these Jcast-risk procedures, damage- was.-, 
reduced to levels, that would have perrfH{jy^ 
the aircraft to land safely. * 
; , • Developed anjl demonstrated low-cosr~barricrs* 
.and locker rnodifications -rhat -significantly re- 
duce the.pbt^ial death; injur/ oi^rfamage 
/from' explosions in -airport rockers. These 
straight forward .design techniques limit dam- 
^age to the immediate ^icinity of the explosion. 
: ^y^lomplctcd an air-cargo bomb security study 
that included procedures to prevent bombs 
from being. brought aboard aircraft with cargo. 

• Evaluated all commercially available explosive- < 
• vapor dctectors.JVolKj met FAA's requirements 

for aviation security, " 
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/• parted development of an experimental bomb 
detector system using thermal neutrons, after 
successfully demonstrating the concept in the 
laboratory. 

•^Successfully t tested an experimental nuclear 
magnetic resonance explosive detection system 
in the laboratory. The development of prepro- 
duction prototypes was started. 

Aviation Medicine 

FAA medical research activities during the re- 
porting period focused on certain areas of high 
^rekvance to air safety-namely, occupant survival 
in air transport accidents and aircrew medical char- 
acteristics affecting flight performance. 

Among the more significant studies undertaken 
in this area w,as an examination of the relative 
, toxic hazards spf 75 aircraft-cabin matenals when 
these materials are subjected to fire. The materials 
^ included urethanes, polyvinyl chlorides, and var- 
* ious natural products, including wool. The findings 
of this study, when combined with pther available 
information and applied to aircraft. manufacture, 
Will help to improve survivability in future aircraft 
accidents involving fire. * ■ 

' An investigation was also undertaken of £e po- 
tential rjrobjems related to the emergency evacua- 
tion of handicapped passengers from aircraft. The 
st,udy included an analysis of the movement of 
handicapped individuals within the cabin and the 
Vesults of evacuation tests fusing an .emergency 
evacuation simulator), in which a portion of tlje 
test subject^ either were handicapped or simulated 
Handicaps. Dgjta were generated, dn assistance re- 
quired by handicapped n as sengere, effects on evac- 
uation time of a gr^P of such passengers, 
including seating location, floor^ slope; and exit* 
design. An FAA report, on these findings included 
suggestions by h a*idi capped* sub je^s and a sum- 
mary of recent accidents involving evacuation of 
"handicapped passengers. 

When aircrew member^ approach middle age, 
correction for neifcvision often becomes necessary, 
especially for dinT light* conditions, as foiincT;^n 
night flying. The traditional correction has Keen 
for reading, particularly with' regard to aeronautical 
-charts. During flight activities, however,* precise ^ 
vision at the intermediate distance, whpe the in- 
struments' are located, is Also highly significant, so 
that many crewmembers require trifocal lenses-a 
relatively ynusuaMens combination among the non- 
flying public. For this reason a spec^study was 
conducted of intermediate visual con ecticKL ajid a 
reporrmade available for aviation, meciicinbsneix 
sonnel and others concerned with pilot-Tision ?ac* 
tors. " 



In another vision study, it was found that pilots, 
dependent oh visual cues alone during night opera- 
tions may make approaches that are too low-a 
tendency produced by visual illusions. An FAA re- 
port detailing these findings warns pilots that they 
musube aware of this tendency to approach run- 
' ways at excessively shallow angles under night con- 
ditions. This information will be of importance ' 
to pilot training and safety education programs. 

In view of periodic questions that artse concern- 
ing an FAA rule making mandatory the retirement 
of airline pilots at age 60, FAA's Office of Avidtioiv 
Medicine undertook an intensive review of the 
scientific literature on the effects of aging. It was 
concluded that there is no sound basis for predict- 
ing the extent to which the aging process Will^de- , 
grade pilot performance. Until reliable criteria- * 
based on a valid psychophysiological age index— are 
established, the current medical data support the 
continued use of age 60 as the age beyond which 
pilots should discontinue serving as ^ijrlinf pilots, 

✓ * Air Traffic Control and Air . Navigation 

Microwave Landing System (MLS) 

< The present* instrument landing System (ILS) /a 
product of the 1940s, has a njwmber of. disadvan- 
tages: terrain, structures, and aircraft interfere with 
it's signals; it can provideflight path i/iformatign. 
for only one approacn path; its limited numBer of 
frequency channels cannot meet future growth de- 
mands. None of these drawbacks is a feature of the 
Microwave Lancing System, a system tinder devel- .. 
opmtfnt byTfoVsince the early 1970s and now in- 
its third phase-prototype development and evalua- 
tion. , .ct . 

In mid-I#76, FAA took deliveFy^of t^yo^prototype 
Small Community systems and two\rototype Basic 
Systems, 'these prototypes are now undergoing test 
and evaluation at the National Aviation Facilities 
Experimental Center and at Crowds Landing, CaIi-» 
forma, by FAA, NASA, and the milit^y services. , 
IVfeanwhile, the system developed by- FAA, the' 
Time Reference Scanning Beam system, was sub- 
mitted to the International Civil Aviation Organi- 
zation (ICAO) as the U.S. candidate for interna- 
tional standardization. After\>an assessment of .all 
proposals by^ ICAO's AH Weather Operations Pajiel, 
rfce °U.S. system was selected^and recommended to 
the Air Navigation Commission. This recommenda- 
tioh has been placed on me agenda for discussion 
and possible selection as an international standard 
at a world-wide ICAO/A1I Weather Operation 
meeting scheduled for April 1978. *■ . " \ v ; 



Flight Service Station Modernization 

The mission of FAA's Flight Service Stations ' 
(FSS) is to promote safety in flight by (I) provid- 
ing preflight and inflight weather briefings; ,1(2) ac- 
cepting and processing both instrument flight rule 
(IFR) and visual flight rule (VFR) flight plans;, 
(3) providing inflight emergency assistance; 1 (4) 
performing search and rescue operatio^ and (5) 
preparing ancF distributing notices to airmen 
(NOTAMs) 

Current FSS operations are highly labor-inten- 
sive. The flight service specialist has- to search 
through voluminous papers 'to retrieve the neces- 
sary data for pilot briefings and flight plan han- 
dling—a slow, error-prone, and expfensive process. 
Although eighty percent of the*ctirrent annual $150.- 
million operating expense for thre system represents- 
personnel staff costs, the demarki for flight services r 
is forecast to triple by the year 1995. If FAA met i 
^his demand by expanding the manual system, the 
annual operating cost would approach $360 mil- 
lion. Rejecting that alternative, FAA- has under- ' 
taken to modernize the flight ^service station system. 

T^e following modernization efforts were cony 
pfeted during 1977: n ■ * 

• A master plan, concerftrating on specialist au- 
tomation 'and direct user access to the system 
for weather briefing and flight. plan filing, was 
devised. T*he objective was to meet the present 
and projMed long-term ^demand for flight 
services without a proportional increase in staff 
and commensurate operating costs. 

• Extensive system 'conjuration analysis and 
design/work were performed and a proci^ 
ment^specificatiem written for acquisitibn or\ 
the automation 'system required by the master 
plan. ' . f 

• Field tekihg and evaluation of the Aviation 
WeaO^rHand NOTAM System (AAVANS), a 
prototype automation; system originally in- * 
stalled in 1975/, were* completed 'at Atlanta, 
Georgia. 

• Demonstration of the operational concept of 
co-Ioc^ting a flight service station with an Air 
Routfe Traffic Controly Renter and of perform- 
ing the functions of several flight service fac^ 

ities at axsingtesitewas-cornpfeted at Leesburg, 
Virginia. 

• Experiments with Pilot Self-Briefing Terminals 
- were cpnduaed at 14 Jobations throughoi^ the 

United States, involving over 1 450' pilots. 

• An experimental Voice Response System was 
atr completed ajlu is expected- to be operationally 

demonstrated in Carly, 1978. • .* *' 



• A mass feather dissemination engineering 
mqdel was assembled at NAFEQ for demon- 
stration in early 1978. 

• A successful operational evaluation of an ini- 
s proved method of pilot briefing by telephone, 

without flight service specialist assistance, was 
completed at New York's La Guardia Airport. 
. The method permits segment updating of data 
and eliminates the common rotary message 
and the participation of the flight service spe- 
cialist. 

Central Flow Control 

t A major step to reduce "inflight time" and con- 
serve fuel has been taken by the FAA through up- 
grading trftkautomation ^capability of *the Central 
Flow Contror^Earilitv in the Air Traffic Cpntrol 
System CommancWpenter. Established \vithiri FAA 
headquarters in* 1970, the Control Center exercises 
control and coordination of air traffic flow in the 
National Airspace System. . x 
. After program approval early in 1976, a series of 
acquisition-rejated activities^ followed in 1977: 

• A contract was Awarded for computer software 

| development. . , 1 

\ • The installation of a dedicated computer sys- 
tem in the flow control area of the Jacksonville 
Air Route Traffic Control Center. Computer 
\' checkout was completed in Iatf summer. 

• The start of system integration, leading jto an 
v initial system test by the end of calendar year 
\ 1977./ ' 

) OST Research Seaport 

fti addition to 



the R&D efforts undertaken by* 
FAA, the Office of the Secretary of Transportation 
(OST) pursues research and" analysis in areas af- * 
fecting the nation's air transportation system. Ifhe^ 
principal OST aeronautical research activities dm*- . - 
i<j[g 1977 involved jiofse abatement, advanced tele- 
communications systems, advanced/ a viation ( trans- \ 
portation concepts, and fundamental studies in c ." 
intermdd^l'T'elations and demand forecasting. The ' 
prime objective of this work is . to augment FAA 
efforts ^nd . ensure that the department ■ fulfills its 
responsibility in providing timely national; leader- 
ship in the evolution o^ the natjon's aviation trans- • 
portation system*. " , ' ' , '^7 

During 1977, QST compl/meiued FAA's environ -T 
mental efforts by reviewing Concorde noise dattf 
collected by FAA and by brepariiig rujemaking. r 
guidelines jfiaf led <o the Secretary s decision, in 
September 1^77, to open tip on a trial l^asis specified * 
tl.S^ Ir ports to r yhc exiting; Concpidc fleet. In a n- 
otfier action m the. noUc-alxctement juea, the Of-, : . 
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fice assisted FAA in implementing its December 
JJ76 noise rules on engine Retrofit by providing 
support during ihc negotiations .that produced le £ 
islMive proposals on such key issues^ planning 
and financing of required airport, noise abatement 
programs. . 

Telecommunications play an increasingly impor- 
tant role in modern transportation by providing 
more efficient and safer operation. Because of the 
5 pervasive nature of telecommunication, cooperative 
arrangements and dose liaison. with other agenda 
are a major, concern; OS T serves as a focal point 
or DOT coordination. This was clearly evidenced 
. by the extensive efforts in 1977. in the revision of 
DOT.s National- Plan for Navigation, which lavs 
, the. groundwork [of U.S.. polity on navigational 
' systems, including .airspace coverage. 



Innovative airport networks. 



f 



idvaneed system \$ 



concepts, and actual .aircraft technologies are often 
identified and studied by Office special task force* 
groups. Mail) ^ advanced concepts in civil aero- 
nau tics systems* were evaluated during 1977 ar its 
Transportation Systems Center. In addition to 
work on new .system. concepts, OST personnel par- 
ticipated in hearings and multigovernmental/stiidy 
grptipson topics such as advanced V/STQI. Evalua- 
tion. . " 

j£sT often functions as "the focal point for trans- 
. poVtation intermodal studies and analyses. In 1*977. 
'comuiuing studies analyzing aviation's evolving 
role in the nation's transportation system were 
conducted and long-range forecasts made in an at- 
tempt to identify transportation trends and deter- 
..mine jjow .aviation systems will' a/Fect antf be 
^cted by future teclinicaj developments- and serv- 
ice 'demands. 
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Appendixes 

Appkndix A-1 

U.S. Spacecraft Record 



V. 



Year 



' Eajjith orbrt^ 



"^i^fji escape 



Success 



1957 

1958 . . 

1959 . . 
I960 
1961 . . 
1962 

•1963 .. 
lfc4 /. 
1965 . . 
1966 



Success Failure 



0 

i 5 

a 

J6 

35 
-55 
62 
69 
93 
94 



19 
12 
12 
L2 
11 
8 

•X 
12 



0 
0 
1 

1 

0 
4 
0 
4 
4 
7 



Year 



1967 

1968 

1969 . ... 

1970 

1971 

1972 

1973 ...... 

1974 

1975 

1976...... 

W7 . . .xx . 
Total 



, ^TJhis Earth- escape failure drrHattain Earth orbV and 
therefore h included in the Earth prbit success totals. 

Notes: The criterion of success or failure uscd'is. the at * 
tainment of Earth orbit or Earth escape rather than a judg- 
ment of mission success. . • N " 



Earth orbit 



Earth escape 



Success Failure, Success Failure 



78 


4 


IP - 


% 0 


. 61 


15 


3 


0 


58 


, 1 \ 


8 


, J l 


36 


1 


'■" 3 


0 


45 


2 


8 


1 


33 


2 


8 ,. 


0 


23 


2 


-3 


fc 0' 


27 - 


2 


1 

' 4 


0 


30 


> 4 


0 


33 


0 


1 , 


0 


27 


H 


2 


0 


889 


127 


72 


15 



r This tabulation includes ^spacecraft from^oopcratinjf^ourv 
irfes*vvhich tvere* launched by US. Iauticfi % vehicles. ♦ 

"Esx;Apr," flights includd,all that were intended to^go to at 
least an altitude equal to lunar distance from EaTth. 



Appendix A-2 



ERIC 



World Record o£ Space Launchings Successful iri Attaining Earth Orbit ,or Beyond 



;<3 



Year 



United 
States 



■ V 

U.S. SR. 



France 



Italv 



Japan 



' People's 
Rep ubl jo 
of China 



Australia 



Kingdom 




3 






. \ 








3 














6. . . . . ... . 

20....*.... 














30 






> 








48 ..:.( 














44. 1 


.i 












66 


).2 v , . l\k 












U*.. J. 
70 ys:: 








. . . . . 







1 Includes foreign IaunchingVot U..<. spacecraft. 
Note: This tabulation enumerates lai/nchings rather than 



4 spacecraft'. Some launches 'did successfully orbft multiple - 
spacecraft. . a *, * '* • * . ' 
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Appendix A-3 



Successf 



/Append? 
J.S. I 



Launches— 1977 



Launch dat* (G.ra.t.) 
Spacecraft name 
Cospar designation 
, Launch vehicle 



Spacecraft data ^ 



-i 



Jan. 28 
NATO III B 
5A 

Delta . y 



Feb. 6 
Defense 
7A ' 

Titan HIC 



Apogee and 
. petigee 

(kilometers) 
' Period 

Inclination to 
equator 
(degrees) 



Remarks 



Mar. W 
Palapa 2 
. 18A ' 
Delta. < 



^arMl_L 
Dcicnse 
19A- 

Titan IIIB 

*• 

Apr. 20 
Gcos ^ 
29A A - 
Dclt* ^ 



; Objective: To paunch spicecraft^into synchronous 
J orbit over equator for us* by NATO. 
Spacecraft: Drura-shap^tl 2.2-m in "diameter, 2.28. m 
• •long,<whh overall length of 3.1-m including an- 
tennas. Weight at launch:' 670 kg. ^Weight after 
- apogee motor fire: 310 kg. * 

. Objective: Dcvelppirfcht -of spaceflight.' techniques 
and technology. * 

Spacecraft: Not announced.., 

t r 

•Objective: To launeK. .satellite into synchronous 
transfer orbit. Satellite t\ provide 'transmission * 
of television, voice, ar*I other ditta* 'throughout 
Indonesia. # * «. 

Spacecrafts Cylindrical I.8-m in diameter and 3.3Wn 

high; spin stabilized; Earth" oriented antenna • T 
/ assembly affixed on top of spacecraft. Provides 12 
f / RF channels, two of; .which will l>e protected 
' I cnan " c,s for tnc K> traffic carrying channels:' 
23,000 solar cells mounted oil spacecraft exterior 
, Weight-** launch: 574 ^g. Weight after apogee 
« mot* ^re:^81 kg. ' , " ■ " % 

Objective: Development of .spaceflight ^erluNinUf's 

and technology. . • 

Spacecraft: ^Not announced " •■>■'' " 



35,962 
^ 35^63' 
1432.3 
2.8 



35,755 
35,532 
1436:0 
' 0.1* 

36^50 
35,915, 
f451.2 
0.1 



is 

May 12 - 
DSCS II-7 
34A U ✓ 
' Titan IIIC* 

May 42 ^ 

DSCS US / 
MB , / 
Ti,tan UfC , 

May 23 ; ' ' 
Defense 
38A ■ * 
Atlas-Agcna D 



^Objective. To launch satellite into' . synchronous ' 
transfer orbits Spacecraft tier provrtk' data on 
. maghctioand clectHc fields '36,000 k above >Earth , 
Spacecraft: Cylindrical shape, 132-cm; long and 
162-cm diameter; eight boonw, extend from 
spacecraft- four radial and foiiV „'axial r with 
length between 1.5 and 20 m; carries seven pri- 
* mary experiments/ Wejght at lajinch: 574 k^ 



Objective: Communications. 
Spacecraft: Not announce'd. 



.Objective:; Communications. ' * , . ; ' l > 
SpapccraT^: ^Not announced. J , < r 

' - - • /* •:• ■• : '\ .: • • ■ • 

Objective: Development, of •spaceflight techniques ' 
and technology. " ..' . * 

^Spacecraft; Nbt anitnunced. ■ . *' s , 



141 

-89.1 
96.4 

11,710 
241.' 
227.8 < 
26.0 
Final: 
38.270 
2106 
718.2 
26.4' 



Second of three planned NATO 
com'mu n ica t ion satcll i tcs 
launched by N*ASA for NATO. 
Apogee boost motor fired Jan. 30 
.and satellite stationed at 15° west 
'longitude above life equator. 

Still in orbit- 



Launched for Indonesia's- satellite 
Commiuiication ' system-. Success- 
fully placed into ^transfer orbit. 
•Apogee boost motor fi reel Mar. 12* 
and spacecraft placed in station- 
ary equatorial 'synchronous orbil 
at 77° cast longitude, just south 
. of ,Jndia. rfecarn* durational 
•Apr. 15. ,' t -JT \ .* 

'v /- ^ : 

DecAy/d from tnbil Mav 26. 1977. 



Launched by^ N ASA for the Euro,. 
'pcan^Spacc- Agency. A malfunc- V 
tion of the booster placc<l >pace- ,i 
era ft ; in u nsa t frfac to r y . t catHf ef 't> ■ 
orbit, from \vhich gcostationarv % \ 
position' could not be attained. ^ 

■» • Apogee boost motor fired Apr;'?7. 
placing" satellite in the, mosr. de- 
sirable orbit. All experiments are 
rcjurfiing uscfitl data. Based* on 

^ NASA' criteria, mission adjudged * 
tin successful. .. ** * 

i Still In orbit.. . ' ■ ' '.' 



Still in orbit. 
• V 



35,762 * 
#5,438 
^1426.7 
2.4 

; 35,792 
35,781 
14361 

v2.4 - ' " ■ 

>aH5 ( BSB .Still in orbiL 

3f>,679 r 
/I435.T 

02 <f - 



) 
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V 



-0 



Wkni>ixM-3— Continued 

Successful U.S. Cauriches-1977 



Launch date (G.m.t.) ^ 
Spacecraft name 
Cospar designation 
Launch vehicle 



Spacecraft data 



May 26 
Intelsat IV- A 
4IA 

Atlas-Centaur 



Apogee and 

perigee 
(kilometers) 
Pcribd 
Inclination to 
j equator 
(degrees) 



Remarks 



F-4' 




June 5 
A MS 2 
" 44A\ t 

Thor-Burner-2 

June 16 
Goes 2 * " 
48A -,. 
Delta 



Objective: To l^yich satellite into transfer orbit. 
Satellite .to provide 6250 two-way voice -circuits 
plus two television channels simultaneously or a 
combination of telephone, TV, and other forms 
of communications traffic. 
Spacecraft: Cylindrical shaped satellite, overall 
height of §.99 m and 2.38 ; m ;n diameter. Con- 
sists of two main .elements: rotating cylinder 
covered, with solar cells contains power subsystem; 
% positioning and orientation subsystem*; despun 
Earth-oriented platform atop rotating cylinder., 
.contains 20 communications repeaters (Iranspond- 
ders), new antenna reflectors, and telemetry and 
command subsystems; Antenna reflectors are sup- 
ported by a single tubular mast, 134.6 cm trans- 
mit and. SS.Jhcm receive quasi-square reflectors' 
are; constructed of a metallic" mesh on an open - 
web frame. Feed horn arrays and global horns 
arc cantilevered from the base of thomast. Te- 
lemetry and command omnidirectional bicoue 
antenna is mounted on<jhe'mast tip. Weight at 
^liftoff: 1515 kg. Weight lifter apogee motor fire: 
825.5 kg. , r 



June 23 

NTS 2 
53A. 
Atlas F 



June 27 

IVffipse 
56dT 

titan #ID 



Object^fe: To support the. Defense Meteorological 

Satellite^ Program. , •* ■■ ■ „. : 

Spacecraft": Similar* to the NASA Tiros^N (to be 
launched in 1978) . M> 

Objective: To- launch spacecraft into a synchro- 
nous orbit of sufficient accuracy* to enable it to 
provide the capability for continuous 6b$erva. 
; tions of the atmosphere on an opcra#mal basis. 
Spacecraft: Cylindrical 190.5 cm in 1 diameter and 
344-cm longstfromjthe top of the magnetometer " 
to the bottom of ^fc. apogee boost mo ton Apogee* 
f boost t motor is* ejected after synchronous' orbit is 
readied. Thrust tube located in* centjr of satel- 
' „lite supports radiometer/ telescope /nstrument. 
Scanning mirrors look out through ax^npening in 
cylindrical solar arrays whose panels ' cover space- 
craft evterior walls. ✓Instruments include a visible 
and infrared spin scan radiometer* (VISSR) ,to 
provide day/night dond cover data, a mcteorolog- 
- ical data'collcction and transmission system, and 
a space environmental monitor (SEM) system to ' 
measure the 'magnitude and direction, of 'the 
magnetic field, the intensity of solar x-ray v radia " ' 
tipn T ,and energy level and quantity of energetic- 
^ particles. -Spin 'stabilized. .Weight at launch: 635 
^ kg. Weight in orbit: 293 kg. 

' ' «• 
Objective: To test technology foi the Global Posi-\ 

iionfng^ystcm (Navstar) . . u 
Spacecraft: Carries cesium clocks for precise time- 
. ^.standard testing.' and a kpjar array to test 14 Navy " 
" - experiments on solar cells. 

Objective: Development of spaceflight techniques * 

^and technology • * 
Spacecraft: Not announced.- ' ' * 



35,755 
35,346 
1425.0 
0.3 



V 



864 
817 
101.7 
992 

36,304 
35.267 
1436.0 
0.9 



20.187 
' -19,54'5 
705,2 - 
J* 63.3 : 



-s 

88.3 
97.0 



Third in a scries of improved In- 
telsat IV-A spacecraft with al- 
most two thivds greater commu- 
nications cap*acity than Intelsat 
IV. Launched, by NASA for 
ComSat Corp., manager of Intel- 
sat. Apogee kick motor fired May 
' 27 and satellite placed on station 
at 34. 5." west longitudc^over At- 
lantic Ocean. To. serve *aV backup 
for Intelsat IV-A F-l launched 
Sept. 25, 1975, and : F-2 launched 
fan. 24), 1976. - 

• ■ > '■ 



Still hi prhit. 



Second operational spacecraft "of a 
series of Geostationary (5^era- 
tiorial Environmental Satellites; 
launched by NASA for NOAA. 
Spacecraft placed in successful 
transfeY orbit, and apogee boost 
motor fired June 16 and satellite 
placed in synchronous orbit at 
75° west .longitude replacing Goes 

• I. Satellite turned over fo NOAA. 
for operational use 'on July 29. 
Gq£s 2 will provide coverage of 
most of ttorth and SolutlvAmeri- 
ca and the Atlantic Ocean. Goes 

* 1 moved to 105° west longitude 
as a backup spacecraft. , 



Still, in o»"bit. 



^Decayed from' orbit Dec. 23. 1977. 



Launch date (G»m.t.) 
Spacecraft name 
Cospar designation 
Launch vehicle 



July if 
CMS (Himawari) 
65A 
Delta 




Aug. \V 
HtkO 1 " ' 
75A 

Atlarf^Ccntaur 



Aug. <20, 
Voyager 2 
76A . V "v 
-Titan IIIE-Centaur 



Objective: To launch satellite into a synchronous 
transfer orbit accurate enough to allow .the space- 
craft to enter a stationary synchronous orbit; day/ 
night meteorological rtbscivation? on nearly con- 
tinuous basis, collection and transmission of data 
monitor solar activities, and improve Japanese" 
ds well as intcrnationa! meteorological services. 

Spacecraft: Cylindrical S.Nm long and 2.1-m in- 
diameter. Solar panels on satellite outer surface 

Tvtccov a " d infrajc<1 s P m sc:.n - -radiometer 
i V instrument provides 'image's of clouds 
and Earth's surface', and measures temperatuav 
,of both surface and cloud tops; collection and 
• transmission system; measurement o£ sola* pro- 
tons alpha particjes, and , electron^ Spin stabi- 
lized. Weight at launch: 070 kjz. Weight in orbit"' 

A 2sb\) Kg. 

• • 

Objective: To obtain hig&csohitioii, experimental 
data orf •astrophysical phenomena . by surveying 
i he x-ray and gamnw ray sky over the range from 
150 electron volts to 10 million electron volts, 
measure size and -location of x*-ray sources in the 
. range of 1 thousand to=i5 thousand electron volts 
determine \ the cpntnUlirHwlot- discrcfc sources 
.to the x-ray background, and determine temporal 
, behavior of x-ra'y sources;^ demonstrate space- 
craft capability of supporting the oulward experi- 
men ts for si^mouths. 
Spacecraft: vftre^fWlar hexagon 4.1--m long and 2.4-nu 
in diamcR^Satellito equipment module (SEM) 
cohtams\«rjfund|ional subsystems necessary to 
, ^P^^.an^oritfol the observatory and experi- 
mcntji^Solaf eclls mounted on exteriof panels. 
Experiment module (EM) coi^tWfotir scientific 
• instruments, the large* x-ray *«eT. cosmic x-ray 
scanning^ rn,Qdulation colMgfor, akid iiard x-ray 
and low gamma niy/.^siScd configuration pro- 
wdes maxuratag, experiment aperture area, while 
minimizing Kvcrall observatory length. Weight* - 
. 2560 kg l jncludingj220 ktfNjf experiments. 



35-779 
35,53! 
142^4 



launched by NASA, for the Na- 
tional Space Development Agency 
hf Japan (NASDA) as part of 

* World Weather Watch program. 
Apogee boost -tnoJor fired JLuly. IS 
and. satellite wM placed W syn- 
chronous orbitAt H0° east long 
itude above iCcp ator due south of 
Tokyo. 



4_ 



45§ 
435 
93.5 
22.8 



First in a series of three NASA 
High Energy Astronomical Ob- 
servatories. Launched successfully 
into oj bit, air experiments opera- 
tional and ..returning •excellent 

..data. Largest Earth-oriented un- 
manned scientific satellite ever 
launched. Observatory configura- 
tion based 'oh modular concept 
maxim/zing commonality among* 
the three planned' missions. Dur- 
ing first 100, days of operation 1$ 
previously unknown x-ray sources 
located. First six months to he 
spent mapping the sky. 



Objective: To investigate XUc Jupiter and Saturn 
planetary systems and the fnterplanetary medium. 
* Scientific objectives: To conduct comparative 
»a sm d;es^of ihe Jupiter* and Saturn systems, in- 
cludinffTOjic* Invirormicnt, atmosphere, surface 
v apd body char^rteristict of the planets; one or 
. more of thcjj|ymitcs;md the nature of Saturn's" 

Spacecraft: CojflB of a mission module and a 
propulsion rflRnjffc whiirh is ejectetl MtcY boost- 
^ing mission module' into Jupiter transfer trajec- 
tory. Mission module a 10*sidcd 'framework with 
10 electronics packaging corripartmcnfc.vjtf-cm 
hfglr* and 1.78-m across* from fiat to flat; .^5f5-rn 
diameter high-gain parabolic antenna supported 
by tubular 4r.usswork; thr\?c radioisotope thcrmo- 
4 electric generators (ftT*G) in tandem on depjoy" 
able boom; twin 10-m whip antennas: four 
magnetometers mounted -on 13 m dcpMyrfBle 
.bo^m. Weight at launch r 2080 kg. height after I 
♦ propulsion- module separation: &22 kg. \Vcight 
: at end of mission: 722 kg. ■ " ' '■ jfc 



Trans- 
Jupiter 
trajectory; 
' later may 
rendezvous 
with Uranus 
and escape, 
from the solar 
.system 



vFrrsUn twin Voyager scries, follow- 
- ing July 1979 Jupiter ftyby, space- 
craft will use gravitational assist ° 
of planet* ,to change course to 
Saturn for projected .1981 rqndc*- 
■t vous. Spacecraft # may fly by Ura- 
t . nils in 1986. Voyager functioning 
normally and all, ihstrifmcnts arc 
operational. By : Jan. 1, 1978, 
• spacecraft was 162 million k from. 
Earth Named Voyager 2 though, 
lartnctfcd first because it will be 
overtaken by Voyager 1 .before 
they reach Jupiter. 



Ai'PKiyutx A-3-Coutinued 

Successful U.S. Launches-1977 



Launch date (G.mt.) 
Spacecraft name 
Cospar designation 
Launch vehicle 



Spacecraft data 



^Aug. 25 
Sirio 
80A 
Delta 



Sept. 5 
Voyager 1 
84A 

Titan II IE-Cent am 



Sep. 23 • 
Defense . 
94A- * 
Titan II1B 

Oct. 22 
ISE5 1 
102 Ac 
Delta 



Apogee and 

perigee 
(kilometers) 
Period 
Inclination to 
equator 
(degrees). 



Remarks 



Objective: To launc|l spacecraft into synchronous 
transfer orbit. Satellite to conduct various com- 
muuicatioiis experiments. 

Spacecraft: Cylindrical 1.438-m' in diameter and 
0.954 -h in' height, 2.0-m in length with apogee 
boost motor nozzle and Super-High Frequency 
(SHF) antenna. Despuu telecommunication an- 
tenna, pointed to Earth, made of aluminum- 
honeycomb and polyester fiberglass. Satellite spin 
stabilized. Weight at launch: 308 kg, including 
the 200-kg apogee 1mk>sI motor. 

Objective: To investigate the Jupiter and Saturn 
planetary systcms.atid the interplanetary medium. 
.Scientific objectives: To conduct comparative 
studies of the Jupiter and- Saturn systems, in- 
cluding the environment, atmosphere, surface, 
and ImkIv characteristics of the planets; one or 
more of their satellites; and" the nature inVSa turn's . 
rings. 

Spacecraft: Consists of a mission module and a 
propulsion module which is ejected aftcTvkjpost- 
iug mission module ii\to Jupiter transfer trajec- 
tory. Mission module a 10-sided framework with 
10 electronics packaging compartments, 47-qm , 
high and 1 78-ni across from flat to flat; 3.66-m 
diameter higli^pn parabolic antenna supported 
by tubular trussxvork; three radioisotope ■thermo- 
electric generators (RTG) in fciudem fin deploy- 
able boom: twin 10-m whip antennas; foifr mag- 
netometers mounted on a 13-m dcployablc boom. 
.Weight at launch: 2080 kg. Weight after propul- 
sion" module separation: 822 Ag. Weight* at end 
of mission: 722 kg. - ( • . ■ t - 

Objective; . Development of spaceflight techniques 

and technology. " ■ \ . 
.Spacecraft: Not attqunevd. * V 



36327 

1109.7 
02 



Trans- 
Jupiter 
trajectory; 
after passing 
Saturn may 
pass beyond 
solar system 



Launched by NASA for the Consig- 
lio. jS'azionalc dclle Ricerche— 
National .Research Council of 
Italy (CNR) —into . successful 
* transfer ^ orbit. Apogee boost 
motor fired Aug. 27 and space- 
craft placed in stationary orbit 
over the South Atlantic, at 15° 
west longitude alxVvc the equator. 
Satellite tinned over to Italy .Sept. 
24. Spacecraft operating satisfac- 
torily. 

Second in dual Voyager scries. Fol- 
lowing a Mar. 1979 flyby of Ju- 
piter, spacecraft will alter course 
for a Nov. 1980 rendezvous with 
Saturn. Voyager I, on a faster 
trajectory, passed its sister space- 
craft on Dec. 15. By Jan. 1, 1978. 
spacecraft was 164 million k from 
Earth. Interplanetary explorer 
functioning normally and all in - 

« strumcnts are operation a baud re- 
turning useful data. 



■Objective: To measure the structure of the mag- 
nctosphcre boundaries and their fluctuations from 
space a"nd to obtain sample iiear-Earth measure- 
ments of the solar wind. • ^ 
Spacecraft; 16- sided cylinder 173-icm across flats by 
161-cm high; main body of one aluminum honey- 
comb equipment shelf supported l>tf ^flight struts 
oji a 84-cm-Ioug thrust tube; one*jSBn; array/flfr., 
located forward of equipment section an%\sfcond 
approximately 25-cm below the shelf: 13 scientific 
instruments on. board. Spin stabilized. Weight at 
'launch: 32&95 kg, including 9S.5& kg of scientific 
instrumentation," - * 



335 
134 
89.1 

96.5. 

M38.124 
280 
3446.8 ' 
28.7 



Decayed from orbit Dec. 8, 1977. 



Launched successfully as. part at 
twin payjoad to make scientific, 
measurements from two points ir| 
space. Separation of ^spacecraft 
successfully accomplished. AH ex- 
periments, except one U.S. instru- 
ment, tinned on and returning 
data. ' 



Jf 



Appendix A~3-ContitmeU 

Successful U.S. Launches-1977 



Launch date (G.m.t.J 
Spacecraft name 
Cospar, designation 
Launch* vehicle 



Spacecraft data 



Oct. 22 
ISEE 2 
102R 
Delta* 



Oct. 28 • 
Transit 
106 A 
Scout 



Nov. 23 
Meteosat 1 
108A • 
Delta 



Dec. 8 
Defense" 
112A 
Atlas- F 



Apogee and 

perigee 
(kilometers) 
Period. 
Inclination to 
\ equator 
' (degrees) 



Objective: To measure the structure of the mag- 
netosphere boundaries and their fluctuations from 
space and to obtain sample near- Earth measure* 
ments of the solar wind. 
Spacecraft: Cylindrical 1.14-m high with a diameter 
, of 1.27-m; single equipment platform with solar 
ar^y covering spacecraft exterior, except at hot- 
ton? where scientific instrument parts and protru- 
sions are located; S-hand antenna on spacecraft 
top, supported by "three struts; -three hinged 
'booms, each about 2.25-m long, a pair of radially 
extending wire booms each 15-nl long which serve 
as antennas for onboard experiments and a de- - 
ployable experiment antenna parallels the-space.- 
craft spin axis.' Eight scientific instruments. Spin 
stabilized. Weight:. 157*72 kg. 

Objective: To place satellite into IfiVorbit which 
will enable - the { Navy to provided worldwide, two-' 
dimensional system for position* fixing .to an ac- 
curacy of better than .5 k." * » • 

Spacecraft:' Eight-sj^d cylinder with four Jtfeploy- 
able solar panjjin. two specially instrumented 
transpondutfor radio rdavs called translators 
Weight: 9* ' — 




Objective: To launch satellite into synchronous 
s transfer orbit of sufficient accuracy to allow the 
spacecraft to 'achieve a stationary synchronous 
orbit. European contribution to the World Mete- 
orological Organization's World Weather Watch 
program. 

Spacecraft: Cylindrical 2.1 -m in diameter and 4 ; 3- 
m high: payload consists of telescope radiometer 

- for observation of the Earth and cloud' masses, 
and a system for data relay and transmission, of 
the meteorologicaf information. Spin stabilized. 
Weight at launch: 697 kg. Weight, after apogee 
motor fire: 345 kg. 

Objective: Development of spaceflight techniques 

qnd technology. . W - 

Spacecraft: Not announced. 



Remarks 



138330 
27Q 
3453.8 
28.7 



1106 
1067. 
107.0 
89.9 



35,692 
34,913 
1411.5 
0.7 ' 



Built for the European Srtace 
Agency by the STAR consortium, 
launched by NASA as a second- 
ary payload. Scientific instru- 
ments returning valuable data. 



Launched by NASA for the Navy. 
The Navy Navigation Satellite 
System, referred- to as 'Transit, 
provides an opportunity for the 
uspr |p take a position fix evcty' 
two hours or left, depending 
updnj the latitude. The satellite 
' will be used , to te>fc-*^ Trident 
Missile Tracking System \$A£ 
TRACK) and to check out arid 
calibrate range safety ground 
stations and equipment. Space- 
craft placed in desired orbit and 
. returning data. 

-Launched into successful transfer 
orbit by NASA for ES/t. Apogee 

• motor fired Nov. 23 and space- 
craft placed in geostationary orbit 
above the Gulf . of Guinea at 0° 
longitude, Sateljite served as part 
of ESA's "contribution to, thtff 
Global Atmospheric Research 
Program (GARP) . Experiments * 
to become fully operational May * 

J 1978. \ 



Still in orbit. 



v 



Dec. 8 
Defense 
ir2D 
Atlas F 

Dec*8 

TJefenie 
I12E - 
Atlas* F 



ERLC 



Dec. . 
Defense 
114A » 
Atlas-Agena B * 

80 * ' T 



Objective: 'Development of spaceflight techniques 
and tech nolo - 



Spacecraft: NorVhnounced 



Objective: Development of space Hifcht techniques 

and technology! , „ 

Spacecraft r Not 'announced! ■ : , ■* 



Objective: Development of . spaceflight techniques 

and technology. • 
Spacecraft: *Not announced. 



1169 . 
10M 
* 107.5 
63.4 

1168 
1055 

107.5 X 
63.4 * 

35,855 
35.679 ' A1 
1435.1 

0.2^/' 



Still in orbiL 



.Still in orbit. 



Still in orbff. 



(: 



Appendix A-3-Continucd- 

Sucqessful U.S. Launches— 2977 



Launch date (G.m.t.) 
Spacecraft name' 
Ceftjfcar designation 
Launch vehicle 



J Spacecraft data 



Dec. 15 
CS (Sakura) 
U8A 
Delta 



4- -v. 

* . r 

• r ■ 



Objective: To place satellite .Jnto. a .successful 
synchronous transfer orbit; %vcl/>pmcnt of a 
domestic communications Satellite" system for Ja- 
pan; experimentation with K-bmd and C-barid. 
Spacecraft: Cylindrical 2.\%m in diameter and 
. 3.48-m high; spin stabilized; solar cells mounted 
on spacecraft^ exterior; antenna horn reflector 
u . mounted o*n outer tfespun .section of the Drive 
" Mo^tor Assembly, extends 128.8-cm above the up- 
per edge of the solar array; six K-band channels 
. ,and two C-band chan^Js provide ^communica- 
tions link. Wcig^tSJ&t launch:, 677 kg. Weight 
afjer apogee boost motor fire: 340 kg. 



Apogee and. 

perigee* 
(kilometers) 
Period 
Inclination to 
equator 
(degrees) 



Remarks 



36;J57 
35.568 
1440.0 
0.1 



Japanese National Space .Develop- 
ment Agency (NASDA) satellite 
launched into synchronous trans- 
fer orbit by NASA. Apogee boost 
motor fired Dec. 16 and* space- 
craft placed in synchronous orbit 
above equator at 135° east lqn- * 
gitudc above New* Guinea and' 
due sout/V of Japan. 



Appendix B-l 



U.S. Applications Satellites 1973-1977 



"Date 



Name 



Launch Vehicle 



'Apr. 20. 1973 
Aug. 24. 1973 
Dec. 13, 11173 
Jan. 19, 1974 



Apr. \X 1974 

May 30* 1974 

Oct. 10, 1974 

Nov. 21, 1974 
>^>v. 25, 1974 



v 



Iflyarks 



Anik 2 ( Tclcsat 2) 
Intelsat IV (F'7) 
DSCS 2-3,4 
Skvnct 2A 



W'cstar 1 
ATS 6 
Westar ll 



Dec' 19, 1974 Symphonic 1 



May 7. 1975 
May 22, 1975 
Aug. 27. 1975 

Sep. 26, 1975 

Dec. 13, 1975 



Jan. 

Jan. 

Fob. 
•Mar. 

Mar. 

Apr. 

May 

June 
>ly 

July 

Oct: 

Jan-. 
Mar, 
May 
May 
Aug. 
Dec. 



17, 1976 
30, 1976 
19. 1976 
15, 1976 
26. 1976 
22, \9% 

13. J976- 
10, 1976 

8. 1976 
22, 1976 

14. 1976 
% 1977 
,*8. 1977 
12. 1977 
2S;. 1977 
25. 1977- 

15. 1977 



Anik 3 (Tclcsat 3) 
Intelsat IV (F-l) 
J Symphonic 2 

"."Intelsat IV- A* (F-I) 

RCA Sal co m l* 

Trrs-i 

Intelsat IV- A (F-2) 
Marisat I 
LE.S '8/9 
RCA-Satcom 2 
NATO III A 
Cormter I 
MarffSr2 - 
Pa fa pa 1 
Comstar 2 
Marisat 3 
NATO 1MB 
Palapa 2 * 
*DSCS 1 1 -7.8 
Intelsat IV-A tF-4) 
Sirio 
Sakm a 



COMMUNICATIONS 



rimr-Dclla (TAT) 
Atlas-Centaur 
Titan IUC 
Thor-Dclta (TAT) 



Posit i<>iTcd over At lain it. 



in response hi 
Spacecraft fail 



* Thor-Dclta (TAT) 



ptan IIIC 
I hor-Delta 



Mi agreement 
(I to achieve 

J 

establish >ad^meslic 
for rc- 



Intcl.sat IV (F-8) ' 
Skyiiet 2R 



Atlas-Centaur 
Thor- Delta/ (TWT) 



I'lior-Delra ^rf.V'tK 

**\ I lor- Del t a ( T A T) 
Ytlas-Ccntaur 
Thor-Dclta (TAT) 

' Atlas-Centaur • 

Thor-Delta (TAT) 

Thor-Delta ft AT) 
Thor-Dclta (TAT) 
Thor-Dclta (TA-l") 
Titan IIIC 
Thor-Delta (TAT) 
Thor-Dclta, (TAT) 
Atlas-Centaur ' 
Thor-Delta (TAT)' 
Thor-Delta (JFAT) 
Thor-Delta" (TAT) 
Tlfor-Delta (TAT) ' 
Thor-Dclta (TAT) 
Thor-Delta (TAT) 
Tilqn IHC 
Alias-Centaur 
Thor-Dclta (TAT) 
Thor-Dclta (TAT) 



Launched for Canada. 
Fifth in high-caparitv seiics 
Follow on to DSCS 2-1.1 
Launched for' the United kingdom 

to augment the DSCS program. 

the proper orbit. 
Launched for the Western Union Co. lo 

communications link. 
Multij^ur|«»se\ experimental satellite especially desi^nc'iF |< 

Rional scrvidps in North America and later India. 
Launched foi Jtlie Western Union Co. ;1S part .of their (fomeslit 

communications liitlfs. 
Sixth iuMiiKhirapacity scrtj|.» Positioned over •Pacific'" 
LaunrhV(t (of the United Wfiigdoih jn response to an agreement 

to airfcjQi/t the. DSC* program. Spacecraft positioned over 

Indian Ocean. 

•Just of two experimental satellites .for France and Wesf fin 
' , many. .Spacecraft positioned over ,;Yflantic. ' 
Lau i ir 1 h c( 1 (or* Ca na (la . w^^^w 

KiKhth' in htKlf-capac^y series, ^itionell over oludian Ocean. 
Lamiched -for Fi;urce:aiul Wes't Germany. Positioned over th, 

• : Atlantic. ; r ' : \i 

■4-irs^of a new ;'sc 'rics double J^gfpaeity of its predecessors 
" ^Positioned over, the Atlan^ic^ 7 ^ ' . 
;aunched Jor RCA *a* * firs t*>f theikj communications satcllili 
series. Positioned over, the'Hiytthc. - ; 
t Canadiaii-U.S.. most powttfur*e\pci imcntal satellite. 
, Positioned (over Atlantic. 
For maritime use by Comsat, over the Atlantic, 
.Experimental satellites with radioisotope* power sources 
Second .of thnee. ' ' 4f 

First of new series. * . 

P^fred over^Pacific for, AT&T by Comsat. 
Ky; maritime use by Comsat, over the Pacific. 
Indonesian domestic communications. ' , 

Placed smith of the United States fofl AT&T bv Comsat 
Placed |>vcr; Indian Ocean. . % / 
> SecoYtd of a new scries. 
'Indonesian domestic communications 
Defense communications. " 
Positioned over Atlantic. 
Italian e\|#rimcnt^ 

Japanese experiment. i s • " ) " v & 

— '"i ^ — : 3^ 



i 



Appendix IM-Continucd ' 



U.S. Applications Satellites 1973-1977 



Date 



Name 



Launch Vehicle 



Remarks 



Nov* 6, 1973 
May^ 17,. 1974 
Nov. 15, 1974 
Feb. 6; 1975 
June 12, 1975 

A Oci. 16, 1075 
July 29, 1976 
June 16, 1977 
July 14, 1977 
■ Nov. 23, 1977 



NOAA-3 (ITOS 
SMS-1 

NqAA-1 (JTOS 
SMS -2 
Nimbus 6 

Goes 1 

NOAA-5 (ITOS 
Goes 2 
Himawari 
Mcteosat •* 



F) 
G) 

H) 



Jan. 22, 1975 I.audsai 2 ' 



Apr. 9, 1975 
May 4, 1976 



Oct. 30, 1973 , 
Jul. 14, 1974 4 
Oct; 12. 1975 
Sep. 1, 1976 
June 23, 1977 „ x 
Oct, 28, JP77 "K 



Geos 3 
Lagcos 

NavSat O*20 
MS 1 
Tip-2 
Tip.3 

NTS 2 - " 
T™ lis it 



Tlior 
Thor 
Thor 
Tlior 
Thor 

Their 
Thor 
Thor 
Thor 
Thor 



WEATHER OBSERVATION* 



Delta 
-Delta 
Delta 
Delta 
-Delta 



Second generation operational meteorological satellite. 
First full-time weather, satcllitc^iu synchronous orbit. 
Second generation operational "meteorological satellite. 
Second fifH-time weather satellite in synchronous orbit. 
To build numerical models for Global Atmospheric Research 



-Dclul 
Delta 
Delta 
Delta 
Delta 



Thoi Delta 



Program 

Kyst fully operational synchronous weather satellite. 
Second generation operational satellite. 
Second of this series.' 
Japanese- gee )syiich^f()iis satellite. 

European SpTfre Agency ^isynchioii<ms^teiliie. -« ■ ■ 
EARTH OBSERVATION * * 

■Second experimental Earth resources technology satellite. Ac 
. tfiiuVtl synoptic multi-spectral repetitive images that .arc prov- 
ing useful in such disciplines as agriculture and . forcstrv 
resources, mineral and land resources, land iisci water re- 
sources, marine resources, mapping and charting, and the 
* environment. ^ 

GEODESY ' 



iboV 

Thor 



Scout 
Atlas 
k Scout 
Scout 
Atlas 
Scout 



Delta 
Delta 



Joes not inc 



IwU^D. 



4 To measure geometry and topography of occaig|Mrface. 

Laser geodynamic satellite. v 

NAVIGATION 

Navigation technology satellite. 
-Transit I mprovthnent. Program. 
Transit ImpVovcmcnt Program. 

Forerunner of Navstar Global Positioning System. 
. ^Developmental model. 



cpartment of 



Defense weather satellites whfch art not individually identified by launch. 

V". ■ 




S. 



Si 




• • . \ ■* -> 



1 83 



m 'Appendix B-2 

U.S.-Launched Scientific Paylbads 1973-1977 



. Date 



Name' 



Launch Vehicle 



June 10, 1973 

Oct. 26, 1973 

Dec. 16, 1973 

Feb. 18, 1974 

Mar. 9, 1974 • 

June 3, 1974 

July 16, 1974 

Aug. 30, 1974 
Oct. "15, 1974 

Nov. 15, 1974 

May 7, 1975 

June 21, 1975 
Aug. 9, 1975 

Oct. ,6, 1075 

Nov. 20, 1975 

Mar. 15, 1976 
May 22, 1976 
Jqtyf 8. 1976' 
Apr. 20, 1977 

Aug. 12, 1977 • 
Oct. 22, 1977 



Radib Astronomy 2 
(Explorer 49) 
P 10 

Explorer 50y 
tmosphere 
(Explorer 51) 



Thor-Delta 
Thor-Delia 
Thor-Delta 



San Marco 4 


Scout 


' UK X4 (Miranda) 


Scout 


Hawkeye v 

(Explorer 52) 
Acrws 2 - 


Scou t. 
Scout 


ANS 
Ariel 5 


Scout 
Scout 


INTASA'A 


Thor-Delta 


SAS-C ] 

(Explorer 53) 
OSO-8 . • f 
CQSB ' 


Scout 

Thor-Delta 
Thor-Delta 


Atmosphere 

(Explorer 54) 
Atmosphere 

(Explorer 55) 
Solrad HiA/HiB 
P-765 " 
SESP74-2 , 
Gcos ST 


Tlror-Delta 

Thor-Delta 

Titan. hlC 
Scout 

Titan HID 
, Thor-Delta 


HE AO 1 
ISEE 1, 2 


Atlas-Cen taur 
Thor-Delta 



Remarks 



Measure galactic, and solar radio noise shielded from Earth bv 
the Moon, by use o)f lunar orbit. 

Stutly of . interplanetary environment particle and fuel inter- 
actions in the distant magneto tail. ^ 

Photochemical processes in absorption of solar UV. ' C** 

Diurnal variations in equatorial neutral .^atmosphere. (Italian 
payload and launch.)' W- " ■ ■ 

Measure density of Sim-reHecting particle^ hear the spacecraft, 
and lest engineering systems. (United Kingdom payload.) 

Plasmayproperties of the- magnetosphere over the north polar 

Measure agronomic parameters of upper atmosphere and solar 

UV. (German payload.) 
Study steller UV and x-ray sources. (Netherlands payload.) 
Study galactic and extragalactic, x-ray sources. (United Kingdom 

payload.) 

Measure ionospheric total electron content, ionospheric' irregu- 
larities and'scintillation. (Spanish payload.) 

Measure x-FS^ emission of discrete extragalactic sources. (Ital- 
ian-launched.) 

To study minimum phase of solar cycle.^ 

Extraterrestrial gamma radiation studies. (ESA European satel- 
lites) ■ * »■. 
, Photochemical processes in absorption of solar energy. 

Photochemical processes in absorption of solar "energy. MeasufS^ 
spatial distribution of ozone. ' V 
Measure radiation and particles at close to 120,000 km;- circular. | 
Plasma effects on radar and communications. ■ • " J 
Particle measurements up to 8000 km. .". 
European Space Agency, study of magnetic and eltict^a&lieMs 

from geosynchronous orbfc (not attained). \3f 
X-ray and gamma ray astronomy. .-^Vl 
Magnetosphere '-and solar wind measurements (for NASA and 
European Space Agency respectively) . 

^ ' ~i~ £ ' - ( — 



J>atc 



Name 



Apr. 6, 1973 Pioneer 11 

Nov. 3, 1973 Mariner 10 

Dec. 10, 1974 Helios 1 

Aug. 20, 1975 Viking 1 

Sep. 9, 1975 Viking 2 

Jan. 15, 1976 Helios 2 * 

Aug. 20, 1977 Voyager 2 

Sep. 5, 1977 Voyager 1 



* ' Appendix BS 

U.S.^iaunched Space Probes 1973-1977 v 



Launch Vehicle 



Atlas-Centaur 
Atlas-Cen.taur 



Titan IKE- 
. Centaur 

Titan HIE- 
Centaur 



Titan HIE- 
Centaur 



Titan IIIE- 
Centaur 



Titan HIE- 

Cen taut- 
Titan HIE- 
Centaur 



Remarks 



Jupiter fiyby mission. Passed Jupitir on Dec. 2, 1974; returning 
Rictures and data and headed fox a similar pass by Saturn 
before accelerating out of the solar System. 
Venus ajjd Mercury fiyby mission. Passed Venus On Feb. 5, 1974, 
returning good .quality pictures. Passed Mdjiry again on 
Sep. 21, 1974, returning 500-600 good qualityiPctureS. Passed 
Mercury again on Mar. 16, 1975. Other data were also re- 
turned, \ 
Flew in- highly elliptic orbit to within 44 million km of trje 
Sun, measuring solar wind, corona, electrons, and cosmic rays 
J'ayload had 7 West German experiments, 3 U.S. 
Latfder descended, landed safely on Mais on Plains of Chrfse 
, while Orbiter circled the planet photographing it and relay- 
ing all data to Earth. Lander photographed iLs surroundings, 
r tested soil samples for signs of life, and took measurements 
of the atmosphere. 
Lauder descendecj, . landed safely on Mars on Plains of Utopia 
while Orbiter circled the planet photographing it and relay- 
ing all data to Earth. Lander photographed its surroundings, 
tested soil samples for signs of life, and took measurements 
of the atmosphere. 
Flew in highly elliptical orbit to within 41 million km of the I 
Sun, measuring solar wind, corbriaT^ elccftoiMk* and cosmic 
rays. Pay load had same West German and UiS. experiments 
as Helios J plus a cosmic-ray burst detector. 
Jiipiter and Saturn flyby mission. Was to swing around Jupiter 
in July 1979 and arrive at Saturn in 1981^ possibly going on 
to Uranus by 1986. J 7 * 

Jupfitef and Saturn fiyby mission. Passing rt/oyager 2 on the way 
was to swing around JupiteV in . Mar. 1979 and arrive at 
Saturn in Nov. 1980. 
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Appendix C 



History of U.S.* and Soviet Manned Space Flights 




Spacecraft 



Launch Date 



Vostok I 
Mercury- 
Redstone 3 
' Mercury- 
Redstone 4 
Vostok 2 
Mercury- Atlas 
Mercury- Atlas 7 
Vostok 3 
Vostp*^ 
Mercury-Atlas\8 
Mercury-Atlas 9 
Vostok 5 
Vostok 6 

Voskhod I - 



Voskhod 2 

Gemini 3 

Gemini. 4 

Gemini 5 

Gemini 7 

Gemini 6- A 

Gemini 8 

.Gemini 9- A 

Gemini 10 

Gemini 1^;V; 

Gemini 12 1 * * 

Soyuz I 
Apollo 7 



% 



yuz 3 
polio 8 



Soyuz 4 
Soyuz 5 



Apollo 9 

Apollo, 10 
Apollo 1 1 

Sqyuz 6. . 
Soyuz 7 • 

,86 



Apr. 12, 1961 
May 5, 1961 

July 21,1961 

Aug. 6, 1961 
Feb. 20, 1962 
May 24, 1962 
Aug. II, 1962 
Aug. 12, 1962 
Oct. 3 1962 
May 15, 1963 
June 14, 1963 
June 16, 1963 

Oct. I fr, 1964 



Mar. 18, 1965 

Mar, 23, 1965 

, June3, 1965 

Aug. 21, 1965 

Dec. 4, 1965 . 

Dec. 15. 1965 

.Mar. 16, 1966 

June 3, 1966 

July 18, 1966 

Sept. 12, 1966 

Nov. 11, 1966 

Apr.'23, 1967 / 
Oct.+l, 1968 



Oct. 26. 1968 
Dec. 21, 1968 



Jan. 14, 1969 
Jan. 15, 1969 



Mar. 3, 1969 " 

May 18, 1969 
July 16, 1969 

Oct. 11, 1969 
'.' "Oct. 12, 1969 

Oct. 13,^969 



Yuri A! Gagarin. 
Alan B. Shepard* Jr. 

Virgil I. Grissom 

j ' V'i" ' 

Gherman S. Titov 
John H. Glenn, Jr. 
M. Scott Carpenter 
Andrian G. Nikolayev 
Pavel R. Popovich 
Walter M. Schirra, Jr, 
L, Gordon Cooper, Jr. 
Valcry F. Bykovsky 
Valcntina V. Tctcshkova 

Vladintir M. Komaroy , 
Konstantin P. Feoktistov 
Dr. Boris'G. Yegorov 
Aleksei A. Leonov 
Pavel I. Bclyaycv & 
Virgil I. Grissom 
John W. Young 
James A. McDivitt N 
Edward H. White, II 
L. Gordon Cooper, Jr. 
Charles Conrad, Jr. j 
Frank Borman 
James A. Lovcll, Jr. 
Walter M. Schirra, Jr. 
Thomas P. Stafford 
Neil A« Armstrong 
Darid R. Scott 
Thomas P. Stafford 
Eugene A. Cernan 
, John W. Young 
Michael Collins 
Charles Conrad, Jr. 
Richard F. Gordon, Jr. 
James A. Lovell, Jr. 
Edwin E. Aldrin, Jr. 
Vladimir M. Komafov 
Walter M. Schirra, Jr. 
Donn F. Eiselc 
R., Walter Cunningham 
Georgi Beregovoy 
Frank Borman 
James A. Lovcll, Jr. 
William A. Anders 

Vladimir Shatalov 

Boris Volvnov - : 

Aleksey Yeliseyev 
, Yevgeniy Khrunov 

James A. McDivitt 
- David R. Scott s 

Russell L. Schweickart 



i ■ • ■ - 



as P. Stafford 
John W. Young 
Eugene A. Cernan 
Neil A. Armstrong 
Michael Collins 
I^dwin E. Aldrin, Jr. 

Georgiy Shonin 
Valeriy Kubasov 
Anatoliy Filipchenko 
Vladislav Volkov 
Viktor Gorbatko 
Vladimir. Shatalov 
Alek^y -Yeliseyev • 



. Flight tiirie 



Highlights^ ~; 



1 h 48 min. 

15 min. *' 

16 min- 

25 h 18 min. 
4 h 55 min. 
4 h 56 min. 
94 h 22 min. 
70 h 57 min. 
9 h 13 min. 
34 h 20 min. 
119 h 6 min. 
70 h 50 min. 

24 h 17 min. 



26 h 2 min. 
4 h 53 min. 
97 h 56 min. 
190 h 55 min. 
330 h 35 min. 

25 h 51 min. 
10 h 41 min. 
72 h 21 min. 

70 h 47 min. 

71 h 17 min. 
94 h 35 mio. 

26 h 37 min. 
260 h 9 min. 



94 h 51 min. 
147 h 1 mm. 



71 h 23 min. 

72 h 56 min. 



241 h 1 min. 

192 h 3 min. 
1*95 h 9 min. 

J 18 h 42 min. 
118 h 41 min. 

118 h 50 min. 



First manned flight. ' .6l-. 

First U.S. flight; suborbital: ■ 

Suborbital; capsule sank af^landing. 

First -flight exceeding 24 h. " ' 

First American to orbit. 

Landed 400 km beyond target. • 

First dual mission (with Vostok 4) . 

Came within 6 km of Vostok 3. 

Landed 8 km from target. 

First long U.S. flight. 

Second dual mission (with Vostok 6) . 

First womarwh space: within 5-km of Vostok 

5. fc * 
First 3-mati crew. 



First extravehicular activity (Leonov, 10 
min) . 

First U.S. ^-man flight; first manual ma- 
neuvers in orbit. 
21-mm. extravehicular activity (White) . 

Longest-duration manned flight to date. 
« 

Longest-duration manned flight to date. 

Rendezvous within 0,3 m of Gemini 7. 

First docking pf 2 orbiting spacecraft (Gem- 
ini 8 'with Agena target rocket) ; 
Extravehicular activity; rendezvous. 

First dual rendezvous (Gemini 10 with 
Agena JO. then Agena 8) . 

First initial rendezvous; first tethered flight;* 
highest Earth-orbit altitude (1372 km). 

Longest extravehicular activity to date (Al- 
drin, 5 h 37 min) 

Cosmonaut killed in reentry/accident. 

First U.S. 3- man mission. ' 



Maneuvered near unmanned Soyuz 2. 

First manned orbit (s) of\foon; first" manned 

departure from Earth's sphere of influence; 

highest speed ever attained in manned 

flight- . * 

Soyuz 4 and 5 docked and transferred sfcos* 

monauts from Soyuz 5 to Soyu^ 4. 

Successfully simulated in Earth orbit* oper ^ 
ation of lundr module to landing and take- 

/ off from Hinar surface and rejoining with 
command module.. 

Successfully demonstrated complete system 
u _ including lurfai module descent to 14*300 
m from the lunar surface. 

First manned landing on lunar surface and 
saftf* return to ^arth. First return of ,roci 
and soil samples to Earth, and manned de- 
ployment *vf -experiments on lunar surface. 

Soyuz 6, 7, jnd 8 operated as a group flight 
without, actually docking. Each conducted 
certain experiments, including welding and *L 

• Earth and celestial observation. j W 
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Spacecraft- * Launah Date 



v k . Append** C-pContinued 1 

History of U.S. ancpSoyief Manned £pace Flights 



trew* 



~Flfchtnj#e" 



Apollo 12 
Apotlo 13 



Nov. 14, 1969, '^Charles Conrad, Jr. 
.. '■ . * ' ' iRichard F. Gortjon/ jr. 

- . '^Alan L. Kean - A\ 





k ' f 


Soyuz 9 


June 1, 1970 


Apollo 14 


Jan. 31. 1971 


Soyu/ 10 


Ap?. 22. 1971 


Soyuz II. 


June 6/ 1971 


' Apollo 15- 


Juljgtg}', 1971 


"Apollo 16 


Apr. 16, 1972: 


Apollo 17 


— % 

Dec. 7, 1972 


* 

Sky lab 2 


•* May 25, 1973 


Skylab 3 


July 2^, 1973 


Soyuz 12 


Sept. 27, 1973^ 


Skylab 4 


Nov. 16', 1973 


Soyuz 13 


Dec. 18, 1973 


Soyuz 14 * 


July 3, 1974 


Soyuz 15 


Aug. 26, 1974 


Soyuz 16 


Dec. 2, 1974 


Soyuz 17 


Jan. 10, 1975 ■ 


Anomaly 


Apr. 5,19^5 * 


Soyuz 18 


May 24, ld75 


Soyuz 19 


July 15, 1975 


Apollo 


* . July 15, 1975 


> t . 
Soyuz 21 


July 6, 1976 


Soyuz 22 


Sep t 15, 1976 ; 


Soyuz 23 , ' 


Oct. 14, 1976^ 


Soyuz 24 


Feb. 7,. 1977 * 


*^Sovuz 25 


Qct. 9, 1977 


Soyuz 26 


Dec. 10, 1977 



fames' A. to veil, Jr.. 
^ Fred W. Haise, ]tr 
John L. Swigert, Jr. ' 

Andnan G: Nikolayev 
Vitaliy I. Sevastianov 1 
Alan B. Shcpard, Jr. . 
Stuart A. Roosa 
Edgar D. Mitchell 
Vladimir Shatalov ' 
Aleksey YeJiscyev 
Nikolai Rukavishnikov 
Gcorgiy Timofeycvidn 1 
\ Dobrovolskiy > ' * 
*VIadisIaV Nikojayevieh* 
, . Volkov • • • 

Viktor Ivanovich Patsayeit" 
,David R. Scott 
Alfred M. Worden 
James Bensen Irwin 



244 h $6 mm. 



( 4j*2 h^5 min. 
424 h 59 min. 



*hjgh Lights 

'landir 



-r 



^Johr\W. Young ' 
Charles M. Du^Ir. 

Thomas K. Matt^^^, 
. Eugene A. Cernan 

Harrison H. Schmitt 

Ronald £. Evans 

Charles Conrad T Jr. 

Joseph P. Kerwin 

Paul J. Weitz 

Alan L. Bean 

Jack R. Lpusma" 

Owen K. Harriott 

Vasiliy tazarev 

Oleg Makatov 

Gerald P«rfW 

Edward G7 Gibson. 
".William R. Pogue „ f * 

Petr Klimuk 

Valentin Lebedev 1 . 

Ravel Popovich 
*Yuriy Artyukhin 

Gennadiy Sarafanov 

Lev Demjn 

Anatoliy Filipchenko 

NJkola>Rukavishnikov 

Aleltsey Gubarev 
Georgiy Grechko 
Vasiley Lazarev 
Oleg Makarov 
Pctr KJimuk • 
Vitaliy Scva.stiyanov 
1 Aleksey Leonov " ■ 
Valeriy Kubasov * 
Thomas P. Stafford 
Donald K. Slayton 
Vance D. Brand 
Boris Volynov 
Vitaliy Zholobov' 
Valeriy Bykoyskiy * 
Vladimy* Aksenov 
Vyacheslav £udov 
Valeriy Rozhdestvenskiy* 
Viktor Gorbato 
Yuriy Glazkov 
Vladimir Kovalenok 
Valeriy Ryumin 
Yuriy Romancnko' * 
Gcorgiy" Grechc 



II 



4 



ERIC 



, Second \manncd lunar 'Van Sing. 'Continued' 
mann«l w expIo/atioji and..retr*ve<npaTts of * ? 
Surveyor m spacecraft » which -landed in ' 
»~ 'Occa^l of -jjoVms orY Apr. 10,. 1967^: 
Mission* atoned due to etfplosidh jn- the ' 
service module. Ship circled" Moon, with ' ' 
crew using LElvI as 'life'bparunttl just - 
• ' prior to reentry. T 
Longest manned space flight! Ao date lasting 

17 days 16 h 59 min. y . / * • 

Third manned lunar landing. Mission dem- 
onstrated pinpoint landing capability and 
continued manned exploration. 
Pocked with Salyut 1, but crew did not 
board space station launched Apr. 19. V 
Crew recovered. Apr. 24, 1971. 
Docked with Salyut 1 and Soyuz 11 crew* 
.^occupied space station for 22 days. Crew. ' ' 
perished during final phase of Soyuz 11 
capsule recovery on June 30, 1971. # 

1? fuM&' Fourth nfanned lunar landings and first 
. Apollo "J", scries mission which carry the 
Lunar Roving Vehicle. Worden's in-flight 
,EVA of 38 min 12 s was performed during 
return trip. * - J 

Ftfth manned lunar landing," with Lunar 
Roving Vehicle. 




265 h 51 min. 
301 h 52 min. 
627 h 50 min, 



i 627 '; 



1427 h 
9 min. 



Sixth and final Apollo manned lunar 4and- 
v tfiiig, again with roving vehicle. 

bocked with Skylab 1 for 28 days. RAaWed 
.damaged statig^. > W**V 

Docked with Skylab 1 for over 59 days. 



47 h 16 min. Checkout of improved Soyuz. 



2017 h 
16 min. 

188 h 55 min. 

> 377 h 30 min. 

48 h 12 min. 

142 h 24-minr 

709 h 20 min, 

20 min. 



Docked with Skylab 1 Tn continuing long 
duration mission. 

Astrophysical, biologicaJ, and Earth resource* 
experiments. \ 

Docked vwith Salyut 3 and .Soyuz 14 crew 
occupied space station^for over f4 days. 

Rendezvoused butvdid not dock with Sal- 
yut ?• ' .Sit - V" " 

Test of ASTP confi2Gration. 



Docl^ed with Salyut 4 and occupied station" 

during a 29-day .flight. - % 

Soyuz stages failed to separate;* crew re- 
covered after abort: • * 
Docked with Salyut 4. and occuAed sla'don 

during a 63-day nlfssibh> . 
Target for Apollo in docking and joint ex- 
. periments ASTP mission. 

217 h 28 min. Docked with Soyuz' 19 in joint experiments 
of ASTP missi^ 

Docked with Salyul 5 'aruLoccupied station 

during 49-day flight. 
Earth resources study with multispectral cam- 
era system. ' j 
Failed to dock with Salyut 5. 

425h23 / mjn. Docked with Salyut 5 a*nd occupied sUtion 

- . during 18-day flight * 
48 h 46 min. r FajIed to achieve hard dock with Salyut.6 
* . station. . * 

, Dorfced .with Salyut 6; flight continued into 

. . .1978. ' 
■ — ' ^ 



1511 h 
. 20 min. 
142 h 31 min. 



: 1 1S2 h 
' 2$ min. 
189 h 54 min. 

48 h 6 min. 



9o 



87' 



$ 




Appendix D 



S: Space Launth Vehicles 

^ — : — : a*- . — ^ 



Vehicle 



.Sage's 



Propellant : 



Thrust 

kilo- 
newtbnsl 



"tax. 

dia. 
(rrt)" 



Ma*. Payload (kg) 



cout ■. . . 1. Algol . IIIA 

2. Castor 'II A 
' * Antares HB 

4. Altair III 

Thor-Delta 2900 series 1. Thor plus 9 TX 

A " 354-5 

- 2. Delta (DSV-3) 



Solid 

Solid 

Solid t . . , 

Solid 

LOX/RP-1 

Solid % . 

N-O,/ Aerozine 



Atlas F/TE $64-4 
Atlas-Agena . 
r;*a8j*e??Titan -HlB^Agena 
Titan IIIC ...... 



3. TE 364-4 Solid 

1. Atlas booster Sr>^' t '•' 
sustainer . . . LOX/fcp-1 

2. TE 364-4 Solid 

\. Atlas booster & 

~ (SLV/3A) LOX/RP-1 .;. f 

2. Agena V . 1RFNA/UDMH v 

1. LR-87 N,0,/Aerozine 

2. LR-91 N,0,/ Aerozine 

3. Agena 1RFNVUDMH 

1. Two 5-segment 3.05- 
-m dia ...... Solid r. . . 

' 2. LR^87 '/ . . . ,/V . N,0,/Aerozine - . 
• , 0 3. LR-91 ...... ; N,0,/Aerozine 

„ lrx 4 - Transtage N,0,/ Aerozine 

Titan HID 1. Two 5-segment 3.05- 

' *" nj dia . . . Solid 

2. LK-87 N.O,/ Aerozine : 

3. LR-91 NsO./Aerozine 

1. Two 5 Yi -segment 
3.05-m dia Solid ^ 

2. LR-87 N,0,/ Aerozine . 
f LR-91 ... ,..N,0,/ Aerozine ..' 

1. Two 5/j-scgmeht . ..Solid ' 
- 2 ' HH 7 N.O./Aerozine 

' * 3 ' NjO,/ Aerozine , 

IUS 1st Stage Solid . - 

. „ 0¥ , & JUS 2nd Stage ...... Solid 

Thor LV-2F .1. Thor LOX/RP-1 

2. TE 364-4 . . s 0 iid . 

3. TE 364-15 . Solid 

Thor SLV2A/ Block*' 

. . 1. Thor plus 3 • - LOX/RJ-1 

■ : tx 364-5 . : solid •;. 

2. TE 364-1 Solid . . . 

, .3. TE 364-15 ...Solid ; . 



Titan. 111(34) D 



Titan III(34)D/IUS 



481.7 
28LL * 

26.9 
4 911.9 
vMO.4 2 
45.8 ' 
66.7 

1970.6 
66,7 

2237:5. 

71.2 
2353.1 
444.8 
71.2 

11,565.4 
2353.1 
444.8 
71.2 * 

11,565,4 
?*53.1 
444.8 



Height - 550rk«i 
(m) orbit 

■ < 



> Escape 



1.12 
2.44 

3.05 

3-.05 
3.05 



3.05 
3.05 



35 



"40 
48 

40 



185' 
1750 1 

lioo 1 

2720* 
3630 : ' 



38.6 1 



476 ' 



" First 
launch 

1972(60)'* 



454 1 



1461 



^1973(60) 



1977(60) 

1968(60) 
1966' 



1 




3.05 

.T.or> 

*2.44 
2.44 



11.100 " 



~*« 12,750 s 



1965 



1971 



48- 



2 



24 



1905 9 
\ 

512 l " 
653 10 



1905 ■ 



1981 
1980 

1976(66) 

/ 
1980*63) 



'The date of first r Jira^^p^iigs ' ^ this latest modificati. 
nth a date in parentheses for: the* initial version. 



8 Set of 3. . **' 

* Propellant abbreviations used are as 



follows: Liquid 



Oxygen and a modified. Kerosgfc-LOX/RP; Solid propellant 
^ •combining, in a single mixtureTSoth fbol and oxidizer-Solid; 
Inhibited Red Fuming Nitric Acid and Unsymmetrical Di 



UDMH/N\H r :y 2 0 ( /Acroziiic; Liquid Oxygeu amj Liquid 
Hydrogcit-LOX/LH. ' ; \ - 4 

4 Due east Iauricji. in . 
n Polar launch. « - V > 
J Polar 115*^(nominaI).. % , 
^Synchronous equatorial (nominal)^ 
Polar 115 km ( current' estimate ) . 



>nethylhydraiine-IRFJ^/UDMH: Nit 



trogen Tetrpxide ^n/J 



'^Synchronous equatorial (current estimate) 
10 Pojaft20 km tfrom WTR J . " - 



■ \ 
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^PPFNOIX E-I 



Sp*ee A^'tiesjo U,S. 

*j j ' (In/millioiiVof J$SUarfy 



Government 

Authority 



. NASA 



Total 



1959 

I960 . 
.1961 

1962 

1963 

1964 . .f mm , 

1965 

1966 

1967 

496* 

1969, 

1970 ._*.,. 

'19^1 

19* 

1973 

1974 
1975 
1976 ' 

T JF 

1977* 

1978 'Est. 

1979 Est. 



Space 1 



Ddfe 



/ 

Energy* • 



Cqm-- " 
raerce * 



Interior 



Agricu]-* 
ture " 



NSF 



''330.9; 
.523.6* 
964.0 
1824.9. 
3673.0 
-5099 7 * 
>5249.7 * 
5174.9 
.4465.6 
4587.3" 
3990.9 
3745.8 
3311.2 
3306.6 
"3406.2 
' 3036T9 
3229.1 
1 3550.3 
931.8 \ 
■ 3817.8 J 
4062.8 
4370.3 



260*9 
461=5 v 
- 926.0 
1*796.8 
,3626.0 
5016.3 * 
5137.6 
,5064.5 
' 4830.2 
4430.0 
382^.0 
3547X) 
310K3 
3071.0 
3093.2 
275fc5 
2915 3 - 
3225.4 
849.2 ' 
3440.2 
3621.7 
3848.5 



489.5 




34 J 


560.9 




43.3 






- -67.7 


1298.2 


147.8 


1549.9 


213.9 






210.0 


1573.9 




228. 6, 


1688.8 




1*6.8* 


1663.6 




183.6 


1921.8 




145.1 


2013.a 




118.0- 


1678.4 




102.8 


1512.3 




94.8 


14070 




Y55.2 


1623.0 




x 54.2 


1760.0 






1892.4 




43 


1983.3 




'23.3 


fHH 




4.6 


2411. 9 




'21.7' 


27^.8 




* MA 


3364.9 




43.0 



Total 
Space" 



jL, 1 Excludes amounts foritiir transportation 

»T.Q.--Transitional Quarter. f " v *■ 




784.7 
1065.8 
1808,2 
329*6 
5434.5 
6831,4 
6955:5 
6969.8 * 
6741.5 
655 1U 
5975.8 
S340.5 
4740.9 
4574.7 
4824.8 J 
46J(LV 
491*3 
5319.9 
1340.5 
598278 
'6483.5 
7374.2 



BILLIONS OF 
. DOLLARS 



-8.0 



U.S. Space Budget - Budget Authority 1968-1979 

,.(May not arfd due tb.rounding) _ v ' * /■ , 



Source: Office of Management and Budget. 

• • ■ * 



7.0 



**■ 6.6 



I 




3.0 — 




4.4 



3.8 



3.5 



*5.3 



1 W 



,3.1 



0.1 4.6 



_4.9 



li 

.:'.<<<<<■ 



3.1 



0.1 4.& 



< 1.8 ft 



2.8 



11 
& 



2.9 



>>vT; 



3.2 





a6 



1970 1971 * 1972 1973, 1974 1975 , 1976 T.C,^ ,1977 , ' 1978 



3,a 



- -2/ T O. .. TRANSITIONAL QUARTER . » FISCAL VEAR 

1/ EXCLUDES AMdUNTS FOR AIR TRANSPORTATION " 
^••SOURCE^ OFFICy>F MANAGEMENT ANBl BUDGETj|i^ 



1979 

ESt. - EST. 



OTHER 



i 



defence* 

NASA JU 



89 



9 

ERIC 



to . 



Apit.nmv <1*'J 

Space Activities Budget 

(In millions of dollars; 



Kudge^ Authority 



Outlay* 



«« — —S-L -4 

* Fecktffr space programs: 

rfASA 1 " ' ... 

Defense ; . . ; 

. Energy . . 
Commerce; 
Interior 

. NSF ....... v ..; 

Agriculture . y. . 

'Total * . \i 

NASA* " • 

.Space flight. ...... 

' V Space science, applications and technology 

Ait transportation y . ...... . 

Supporting operations 2 *.....:..].. 

Less* receipts 3 .... ; . „.\ . . .' 

Total NASA „ . . 

1 Excludes amounts for^ air transportation. ; 

2 Includes amounts for Trust Funds. 



1977 1978 • 1 §71> 1977 

Actual Estimate*;. Estimate % - Actual' 



. ,1978 4 J 9^9 
Estimate 'Estimate 



3*46.2 
1>4I1.9 
,21.7 
; 90.8 

* 9.5 
' 2.4 

* 6.3 



5982.8 

2137.9 
963.9 
w 377.6 

If- 2.9 



3621.7 3848.5 

2*713.8 3364.9 

' 34.4 ' -43.0 

. 93.8 ,-9?.$'/ 
. 9.7 9.7 1 

2.4 ^ 2.4 

7 7 y • 7.9 



3599.5. 

1*32.7. 
22.2 
86.9 

■„ 9.1 

2^ 
6.3 



.3567.4 
2443.6 
. 28.4 
* 93:4 
9.6 
. - 2.4 
7.7 



3802.9, 
5104.3 
' 40.6 
96.0 
9.6 
2.4 
7.9 



... 6483.5 

2l98.0 
' 1055.6 
441.1 
^3^4 



. 7374^ 

2247.2 
1209.7 
521.8 
392.9 
-1.3 



3817.8 



5559.1 

2251.7 
1006.T 
344.3 
344.6 
—2.9 



6152.5, 
, \ 

2191.9 
4018.3 
: 415.0 
' 358.4 
-1,3 



7063.1 

2264.2 
1150.3 
465.9 
389.7 
. -1.3 



4O0g.8 



4370.3 



3943.8 



, 3982.3 , >\4268 8 



Source: Office of Management and Budget. 




Federal aeronautic^ programs: 
NA$A ' 



Ttmcnx 6f|fefcnse 



irtmcnt 
btal 



asportation 



Aeronautics Budget ' 

(In riiilliijiis of dollars)' 



1 Research and Development, Construction' , of Facilities 
Research and Program Management. • a v 
. ..'Research. Development/ Testing, and Evaluation of- Air- 
0 craft^afjd related equipment. " 



Budget Authority 



1977 
'Actual ■ 




'377.6 
* ^56.0* 

£3.5 



441.1 

2572.4 
97.6 



£727.1 



521.8 
■ '2fI8.0 
5 93.6. 



3 1 1 1 I 



* - 2733.* 



- : X)flice of Secretary of| Transpoi tatioi^and Federal Aviation 
Administration Research and DevcIoprrBif. • 

- i .Source: Office of Management and Budget. 
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